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(wherein A represents, for example, phenyl group substituted by R 1 and R 2 . or an unsubstituted furyl group or an 
unsubstitued thienyl group; R' represents, for example, hydrogen atom, fluorine atom, chlorine atom tnfluoromethyl 
□roup nitro group, cyano group or methyl group while R 2 represents, for example, hydrogen atom; R3 represents, for 
example hydrogen atom or methyl group; R 4 represents, for example, hydrogen atom or methyl group; R5 represents 
ethoxy group or isopropoxy group; X repres nts group: -CH(OH)- or methylene group; and Z represents, for exampl . 
a single bond or methyl ne group unsubstituted or substituted by hydroxyl group), and its salts, and m dicinal com- 
positions containing, as their activ ingr dient. the above compound or its salts. The compound of mis invention, which 
iVorally applicable. Is highly effective for treating neuroapthic pain while presenting with f wer side-effects than do th 
conventional analgesics. 
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Descripti n 

Technical Held 

5 [0001] The present inv ntion relates to novel 4-hydroxypiperidine derivatives, a method for their manufacture, and 
pharmaceutical compositions containing, as its active ingredient, at least one of the derivatives, particularly an orally 
applicable agent for treating neuropathic pain. The present invention further relates to an agent for treating neuropathic 
pain, characterized by its containing, as its active ingredient, a substance which selectively inhibits the persistent 
sodium current. 

10 

Background Art 

[0002] Neuropathic pain is caused by a primary damage or by a functional disorder of some part of the neuro trans- 
mission system connecting the periphery to the central nervous system (New Illustrated Anesthetic Science Series, 
15 No. 4, "Clinics of Pain Control," 1st Chapter, Written by Kenjiro Dan, 1998, Medical View). In contrast with the physi- 
ological pain (nociceptive pain) caused by a mechanical stimulus or a thermal stimulus, the neuropathic pain might be 
called as a pain felt even by a feeble stimulus which would cause no pain in the normal person, or a pain which is felt 
without stimulus. 

[0003] The damage to nerves which becomes a cause to induce the neuropathic pain typicalry includes traumas and 
20 injuries inflicted to the peripheral nervous system, nerve plexus, and soft tissues surrounding the nerves, as well as ( 
injuries to the somatesthesia paths in the central nervous system (such as ascending somatesthesia paths found at 
the levels of spinal cord, brain stem, thalamus and cerebral cortex). For example, neuropathic pain may occur in as- 
sociation with nerve degenerative diseases, bone degenerative diseases, metabolic diseases, cancer, infection, in- 
flammation, post-surgery state, trauma, radiation therapy and anti-cancer chemotherapy, etc. The pathophysiology of 
25 neuropathic pain, especially molecular mechanisms responsible for its elicitation are not fully clarified yet. However, it 
has been thought that over-excitation or abnormal spontaneous excitation prevails in a injured nerve, which is th 
cause for the neuropathic pain. 

[0004] The abnormal reaction against sensation, which is characteristic with neuropathic pain, includes, e.g., allo- 
dynia. Allodynia refers to a state in which one feels a pain in the presence of a feeble stimulus which would cause no 

30 pain in a normal person. In allodynia, even a gentle tactile stimulus can elicit a pain. Basically this is thought to be 
accounted for by two factors, namely, a qualitative change in sensory responses and the abnormally lowered sensory 
threshold. Of the patients with neuralgia subsequent to herpes zoster (postherpetic neuralgia), which is a representative 
neuropathic disorder, 87% was confirmed to have been affected with allodynia. In addition, it has been said that the 
severity of pain felt in postherpetic neuralgia is proportional to the severity of allodynia. Allodynia, a pathologic state 

35 severely restricting the activity of the patient attracts attention as a target for the treatment of postherpetic neuralgia. 
[0005] If a patient complains of chronic pain as a result of neuropathy, and is disturbed in his/her everyday activity 
on account of that pain, relieving him/her of that pain through medication will directly lead to the improvement of his/ 
her quality of life. However, it has been shown that the centrally affecting analgesics represented by morphine, non- 
steroidal antiinflammatory agents, or steroids are ineffective for the treatment of neuropathic pain. In the current drug 

^o therapy, antidepressants such as amitriptyline, sodium channel blockers such as carbamazepine, anti-epileptic agents 
such as phenytoin, anti-arrhythmic agents such as mexiletine, etc. are diverted from their respective proper fields to 
the prescription for the treatment of neuropathic pain. Among them, the sodium channel blockers are used to inhibit 
the hyper-excitability or abnormal spontaneous activity of injured nerves which is regarded as one of the causes for 
neuropathic pain, because the sodium channel blockers are known to inhibit the excitation and conduction in nerves. 

45 The above therapeutic agents, however, are known to bring about a number of side-effects: amitriptyline may cause 
thirst, drowsiness, sedation, constipation, dysuria, etc.; carbamazepine and phenytoin may cause gait disorder (stag- 
gering), eruption, dyspepsia, harmful effects on cardiac functions, etc.; and mexiletine may cause dizziness, dyspepsia, 
etc. Those agents which are not originally intended for the treatment of neuropathic pain are not satisfactory for many 
neuropathy cases because their therapeutic effects are inseparably linked with their side-effects. Accordingly, there is 

so a need for an agent which is primarily intended for the treatment of neuropathic pain, presenting with few side-effects. 
[0006] About the pain-relieving activity of the sodium channel blocker such as phenytoin, what follows Is known. 
[0007] A sodium current ordinarily observed in an excitable cell is a transient inward current (transient sodium current) 
which is activated rapidly in th presence of a stimulus (depolarization), and then inactivated. In certain states, however, 
the inactivation process is greatly retarded or hardly occurs, and the sodium current observed then is called a persistent 

55 sodium current. It is known, the occurrence of such a persistent sodium current may increase wh n the cell falls to 
certain pathological conditions. 

[0008] Recently, it was reported that phenytoin inhibits the persistent sodium current in neurons, and that this is 
responsible for the anti-epileptic activity of that agent (Segal and Douglas, J. NeurophysioL, 77:3021, 1997). Recent 
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studies indicate the persist nt sodium current may be involved in the pathologic state of myocardium (f r exampl , the 
dev lopment of arrythmia), in addition to pilepsy (Yue-Kun et al., Br. J. Pharmacol., 107:311-316, 1992). It has been 
also suggested, becaus phenytoin and carbamazepine inhibit the transient sodium current which plays an important 
role in the excitation and conduction in neurons, as well as the persistent sodium current (Willow et al., Mol. Pharmacol., 

5 27:549, 1985), they will be able to inhibit not only the abnormal excitation responsible for neuropathic pain, but also 
the normal nerve activity, and the latter effect may be responsible for their adverse side-effects mentioned above. 
[0009] With regard to 4-hydroxypiperidine derivatives, Huegi et al. (J. Med. Chem., 26:42, 1983) reported there are 
some among them that have a pain-relieving activity. However, the compounds cited by them are centrally affecting 
pain-relieving agents like morphines which have affinity to the opiate receptors in neurons, and are distinct from the 

10 compounds of the present invention which are primarily intended for the treatment of neuropathic pain. 

[001 0] The problem to be solved by this invention is to provide an agent for treating neuropathic pain which will exert 
its therapeutic effects by selectively inhibiting the persistent sodium current in comparison with the transient sodium 
current, and thus presenting with less side-effects but more therapeutic effects than do the conventional sodium channel 
■ blockers which have been diverted from other fields for the treatment of neuropathic pain, particularly to provide such 

15 an agent orally applicable. 

Disclosure of Invention 

[001 1> The present inventors had intensively studied to solve the above problem, or to obtain a pain-relieving ag nt 
20 highly active and safe, and found that substances capable of selectively inhibiting the persistent sodium current in 
comparison with the transient sodium current, for example, 4-hydroxypiperidine derivatives as represented byPormula 
(I) and their salts are highly effective for the treatment of neuropathic pain, and particularly that those substances ar 
effective for the treatment of neuropathic pain by selectively acting on injured sites. These findings led to this invention. 
[0012] Specifically, the inventors found that the compound as represented by Formula (I) has at least one of the 
25 following properties: (1) to inhibit the binding of batrachotoxin to receptors in the synaptosome; (2) to inhibit the con- 
tracture induced by veratrine in isolated myocardial cells, or to inhibit the increased intracellular sodium concentration 
induced by vetratrine in neurons; (3) to moderate the painful response in the formalin test; (4) to selectively raise the 
threshold to a mechanical stimulus applied on the injured side in a model of neuropathy made by loosely constricting 
the sciatic nerve; (5) to selectively inhibit the persistent sodium current in neurons; and (6) to present with comparatively 
30 less side-effects, and be highly safe. Particularly, the compound represented by Formula 

(I) is highly effective for the treatment of neuropathic pain even when applied orally. 

[0013] The first embodiment of this invention is compounds as represented by Formula (I) below: 

35 



40 




45 (wherein A represents phenyl group or monocycic aromatic heterocylic ring each substituted by R 1 and R 2 ; R 1 and R 
represent, independently of each other, a group arbitrarily selected from the group of hydrogen atom, halogen atom, 
trifluoromethyl group, trifluoromethoxy group, nitro group, cyano group, lower alkoxycarbonyl group, amino group un- 
substituted or mono- or di-substituted by lower alkyl groups, carbamoyl group unsubstituted or mono- or di-substituted 
by lower alkyl groups, sutfamoyl group unsubstituted or mono- or di-substituted by lower alkyl groups, unprotected or 

so protected hydroxyl group, unprotected or protected carboxyl group, lower alkoxy group, lower alkyl group, lower alkylth- 
io group, lower alkylsulfinyl group, lower alkylsulfonyl group and lower alkanoyl group; 

r3 represents hydrogen atom or lower alkyl group; 
R 4 represents hydrogen atom or lower alkyl group; 
55 R5 represents ethoxy group or isopropoxy group; 

X represents a group: -CH(OH)- or methyl ne group; and 

Z repr sents a singl bond or methyl n group unsubstituted or substituted by unprotected or protected hydroxyl 
group), and its pharmaceutically acceptable salts. 
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[0014] For the compounds repr sented by Formula (I), preferred substitutents and their preferred combinations will 
be introduced below, but this invention should not be limited to those examples. 

[001 5] Preferably A represents phenyl, furyl or thienyl group each substituted by R 1 and R 2 , more preferably phenyl 
group substituted by R 1 and R 2 , unsubstituted furyl group or unsubstituted thienyl group, most preferably phenyl group 
substituted by R 1 and R 2 . 

[0016] R 1 preferably represents hydrogen atom, halogen atom, trifluoromethyt group, trifluoromethoxy group, nitro 
group, cyano group, lower alkoxycarbonyl group, lower alkoxy group, lower alkyl group, lower alkylthio group or lower 
alkanoyl group, more preferably hydrogen atom, halogen atom, trifluoromethyl group, nitro group, cyano group or lower 
alkyl group, most preferably hydrogen atom, halogen atom or cyano group. 

[0017] R 2 preferably represents hydrogen atom or halogen atom, more preferably hydrogen atom. 
[0018] For combination of R 1 and R 2 , R 1 preferably represents hydrogen atom, halogen atom, trifluoromethyl group, 
trifluoromethoxy group, nitro group, cyano group, lower alkoxycarbonyl group, lower alkoxy group, lower alkyl group, 
lower, alkylthio group or lower alkanoyl group while R 2 represents hydrogen atom; more preferably R 1 represents hy- 
drogen atom, halogen atom, trifluoromethyl group, nitro group, cyano group or lower alkyl group while R 2 represents 
hydrogen atom; most preferably R 1 represents hydrogen atom, halogen atom or cyano group while R 2 represents 
hydrogen atom. 

[0019] R 3 preferably represents hydrogen atom. . _ 

[0020] R 4 preferably represents lower alkyl group. 
[0021] R 5 preferably represents isopropoxy group. 

[0022] R 5 is preferably substituted at the para position (4th position) with respect to -NR 4 -. 
[0023] X preferably represents methylene group. 
[0024] Z preferably represents methylene group. 

[0025] For preferred combination of substituents, A represents phenyl group, furyl group or thienyl group each sub- 
stituted by R 1 and R 2 , R 1 represents hydrogen atom, halogen atom, trifluoromethyl group, trifluoromethoxy group, nitro 
group, cyano group, lower alkoxycarbonyl group, lower alkoxy group, lower alkyl group, lower alkylthio group or low r 
alkanoyl group while R 2 represents hydrogen atom; more preferably A represents phenyl group substituted by R 1 and 
R 2 , unsubstituted furyl group or unsubstituted thienyl group, R 1 represents hydrogen atom, halogen atom, trifluorome- 
thyl group, nitro group, cyano group or lower alkyl group while R 2 represents hydrogen atom, and R 5 is substituted at 
the para position (4th position) with respect to -NR 4 -. 

[0026] The second embodiment of this invention is a pharmaceutical composition containing, as its active ingredi nt, 
a compound represented by Formula (I), or a pharmaceutical^ acceptable salt thereof. 

[0027] The third embodiment of this invention is an agent useful for the treatment of neuropathic pain which contains, 
as its active ingredient, a compound represented by Formula (I), or a pharmaceutical^ acceptable salt thereof, or an 
orally applicable such an agent useful for the treatment of neuropathic pain. 

[0028] The fourth embodiment of this invention is an allodynia treating agent which contains, as its active ingredi nt, 
a compound represented by Formula (I), or a pharmaceutical^ acceptable salt thereof, or an orally applicable such 
agent useful for the treatment of allodynia. 

[0029] The fifth embodiment of this invention is an agent useful for the treatment of neuropathic pain which contains, 
as its active ingredient, a substance that selectively inhibits the persistent sodium current, or more preferably an orally 
applicable such agent useful for the treatment of neuropathic pain. 

[0030] The sixth embodiment of this invention is an allodynia treating agent which contains, as its active ingredient, 
a substance that selectively inhibits the persistent sodium current, or more preferably an orally applicable such ag nt 
useful for the treatment of allodynia. 

[0031] The seventh embodiment of this invention is an agent useful for the treatment of neuropathic pain which 
contains, as its active ingredient, a substance that interferes with the persistent sodium current, and selectively acts 
on the Injured side of sciatic nerves in the Bennett's model. 

[0032] The eighth embodiment of this invention is an agent useful for the treatment of neuropathic pain which contains 
a substance that selectively inhibits the persistent current in comparison with the transient current of sodium in neurons 
observed by the voltage-clamp method. 

[0033] The ninth embodiment of this invention is an agent useful for the treatment of neuropathic pain or allodynia 
as described in the fifth to the eighth embodiments, which contains, as its active ingredient, a substance whose selective 
inhibition against the persistent sodium current is two-fold or more, preferably five-fold or more, more preferably ten- 
fold or mor with respect to its inhibition against the transient current. 

[0034] Here, the selective inhibition against the persistent sodium current of an agent with respect to its inhibition of 
the transient sodium current can be expressed by the ratio of inhibition of the transient sodium current by the agent 
against inhibition of th persistent sodium by th same agent (inhibition ratio = the concentration (for xampl , in vitro 
IC50 or in vivo dose) of the agent required for inhibiting th transient sodium current against the corr sponding con- 
centration (in vitro ICso or in vivo dose) of the same agent against th p rsistent sodium current). 
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[0035] Morepref rably, the ninth embodiment contains a substance that satisfies at least one of what are described 
under (A) and (B) b low: 

(A) The inhibition ratio is 4 or more, pr f rably 7 or more, more preferably 10 or more, and most preferably 20, 
5 when determined on neurons by the voltage-clamp method (for example Experiment 6). 

(B) The inhibition ratio is 2 or more, preferably 5 or more, more preferably 10 or more, when determined in the 
Bennett's model (for example Experiment Example 5). 

[00361 U will be possible to evaluate whether a given agent has a sufficient selectivity or not, by checking whether it 
10 does not affect the action potential of myocardial cells, or whether it is free from the side-effects accompanying the 
conventional agents used for the treatment of neuropathic pain. 

[0037] In addition to the selectivity and independently thereof, the agent preferably has at least one of the properties 
mentioned in (1) to (3) below. 

15 (1) When the test agent is tested for Its inhibitory effect on the binding of batrachotoxln to receptors in the rat brain 

as in Experiment Example 1 described below, the ICgo = 500 jimol/L or less, preferably 50 jimol/L or less, more 
preferably 10 jimol/L or less, most preferably 1 jimol/L or less. 

(2) When the test agent is tested for its inhibitory effect on the persistent sodium current as in Experiment Example 
2 or 3 described below, the IC^ = 50 iimol/L or less, preferably 1 0 nmoi/L or less, more preferably 2 jimol/L or less. 
20 (3) When the test agent Is tested for its inhibitory effect on the persistent sodium current on a Benetfs model based 

on a sciatic nerve-muscle contracture preparation as in Experiment Example 4 below, the dose of the test agent 
effective for raising the response threshold when applied to a site distal to the pressure application is 100 mg/kg 
or less, preferably 50 mg/kg or less, more preferably 10 mg/kg or less, particularly preferably 5 mg/kg or less, most 
preferably 2.5 mg/kg or less. 

25 

[0038] The tenth embodiment of this invention is an agent as described in the third to ninth embodiments useful for 
the treatment of neuropathic pain or allodynia which is orally applicable to mammals. The mammal preferably includes, 
in addition to humans, household pets such as dogs, cats, etc. Particularly, it is effective when applied to humans. 
[0039] The third to tenth embodiments include, in addition to the therapeutic method for the treatment of neuropathic 
30 pain or allodynia based on the use of the agent, the method how to prepare a medicine useful for the treatment of 
neuropathic pain or allodynia from the agent. Particularly, the agent is preferably prepared into an orally applicaW 
medicine, and the therapy is based on the oral administration of such a medicine. 

[0040] The therapeutic agent described above is preferably effective for the treatment of pain accompanying central 
neuropathy (for example, neuropathy resulting from spinal cord injury), peripheral neuropathy (for example, reflex 

35 sympathetic dystrophy (RSD)), herpes zoster during its acute phase, neuralgia subsequent to herpes zoster (post- 
herpetic neuralgia), diabetic neuropathy, trigeminal neuralgia, post-surgery condition, cancer, low back pain-related 
neuropathy, inflammatory shoulder joint and its surrounds, state subsequent to spinal cord injury, affected thalamus, 
affected lower limb, causalgia, reflex sympathetic nerve atrophy, chronic headache, affected tooth, osteoarthritis, ar- 
thritis, rheumatism, etc. Or, the therapeutic agent is effective for prevention or inhibition against aggravation of symp- 

40 toms in the development of chronic painful disease. Or, the therapeutic agent is effective not only for the treatment of 
neuralgia, headache, etc., but also for the treatment of convulsion, epilepsy, dementia (cerebrovascular and senil 
dementia), cerebral infarction during its acute phase, cerebral hemorrhage, transient cerebral ischemia, subarachnoidal 
hemorrhage, head trauma, after-effects subsequent to brain surgery, cerebral vascular disorders subsequent to cere- 
bral arterial sclerosis, atopic dermatitis, itching occurring during hemodialysis to compensate for renal failure, hyper- 

45 sensitive enteral syndrome, urinary incontinence, etc. The concept underlying the therapy of this invention includes 
so-called prevention of disease development, and prevention of relapse. 

[0041] Particularly, the therapeutic agent is effective for the treatment of pain accompanying neuralgia subsequent 
to herpes zoster, diabetic neuropathy, trigeminal neuralgia, state subsequent to surgery, etc., which is followed by th 
treatment of pain accompanying herpes zoster during its acute phase, cancer, and chronic rheumatoid arthritis, and 

so by the treatment of urge incontinence, hypersensitive enteral syndrome, etc. 

[0042] The eleventh embodiment of this invention is a method for selecting by screening a substance which is ef- 
fective for selectively blocking the persistent sodium current in neurons. The screening method preferably comprises 
at least one chosen from the group including Processes 1 to 5 as described below. The screening method more pref- 
erably comprises at least either Processes 2 and 4, or Proc ss 5. 

55 [0043] The twelfth embodim nt of this invention is a method for s lecting by screening an agent effectiv for the 
treatment of neuropathic pain or allodynia, comprising at least a process of checking whether the test agent selectively 
inhibits the persistent sodium curr nt by th voltage-clamp method. 

[0044] The thirteenth embodiment of this invention is a substance s lected by screening in th eleventh or twelfth 
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embodiment. 

[0045] Th fourteenth embodiment of this invention is a method for producing a compound represented by Formula 
(l)-a below, or Formula (I) wherein Z is Z: 



R *9 . ^ 4 

(wherein A, R 3 , R 4 f R 5 and X have the same meanings as defined above, while T represents methylene groug unsub- 
stituted or substituted by unprotected or protected hydroxyl group), and Its saits, based on process (a) or (b) below 

Process (a) . 

[0046] A process characterized by adding a compound represented by the following formula (XI): 




(XI) 



(wherein R 4 , R 5 and Z 9 have the same meanings as defined above, while W represents hydrogen atom or halogen 
atom) to another compound represented by the following formula (XII): 



x C^f < xn > 



(wherein A and X have the same meanings as defined above, while Y represents a methylene group or carbonyt group) 
and alkylating the newly formed hydroxyl group as needed to produce a compound as represented by the formula (VT) 
below: 



f 



(wherein A, R 3 , R 4 , R 5 , X, Y and T hav the same meanings as defined abov ), and then reacting the resulting com- 
pound und r a reducing condition. 

Process (b) 

[0047] A process characterized by adding a compound represented by the following formula (XI): 
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5 




(XI) 



(wherein R 4 , R 5 , W and 72 have the same meanings as defined above) to another compound represented by the 
10 following formula (XIII): 



15 




( XIII ) 



(wherein P represents a protective group for protecting the amino group) and alkylating the newly formed hydroxyl 
20 group as needed to produce a compound as represented by the formula (VI V) below: 



- 0 Z-_N. 



30 



35 



45 



50 



55 



jcrro* 



( vir ) 



(wherein R 3 , R 4 , R 5 , T and P have the same meanings as defined above), and deprotecting and reducing the resulting 
compound to produce a compound as represented by the formula (X") below: 



40 HN ^ 



Rt S 4 




(wherein R 3 , R 4 , R 5 and Z' have the same as defined above), and reacting the resulting compound with another com- 
pound as represented by the formula (IX) below: 

x — Y— Q 

(IX) 

(wherein A, X and Y have the same meanings as defined above, and Q represents hydrogen atom, hydroxyl group or 
halogen atom) in the presence or absence of a base, if -Y and Q together represent halogenated alkyl group; under a 
reducing condition in the presence or absence of an acidic catalyst, if -Y and Q together represent aldehyde; or in the 
presence of a condensing agent and then under a reducing conditi n, if -Y and Q together represent carboxylic acid. 

Best Mode for Carrying Out the Invention 

[0048] This invention will be described in detail below. 
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[0049] Th ag nt of this invention for selectively blocking the persistent sodium current can be detected, for example, 
through the experiments as described below, and Is a protein or a low molecular weight compound naturally occurring 
or artificially prepared based on genetic engineering, having a mol cular weight of preferably about 1 500 or I ss, more 
pref rably 1000 or less, more preferably 700 - 300, or its salts. The representative one is the compound represented 

5 by Formula (I) which will be detailed later, and its pharmaceutical^ acceptable salts. 

[0050] With regard to the agent of this invention for selectively blocking the persistent sodium current, "selectiv ly" 
means, In terms of the inhibition ratio as defined above in relation to the eighth embodiment, 4 or more, preferably 7 
or more, more preferably 10 or more, most preferably 20 or more, when the ratio is based on IC^ values obtained 
from an in vitro experiment In the in vivo experiment, the dose required for treating the pain in a normal nerve against 

10 the corresponding dose for a neuropathy-affected nerve is 2-fold or more, preferably 5-fold or more, more preferably 
10-fold or more. 

[0051] To find whether a given compound sufficiently selectively blocks the persistent sodium current to be qualified 
for an agent of this invention, various methods can be employed, and a few examples of them will be described for 
illustration. 

15 [0052] (1 ) Firstly, a persistent sodium current itself or a phenomenon coupled with the development of the current is 
monitored, to check whether a given test compound has any inhibitory action against the persistent sodium current. 
[1] It is possible to detect a persistent sodium current by the voltage-clamp method (Baker and Bostock, J. Neurophys- 
iol., 77:1503, 1997; Segal and Douglas, J. Neurophysiol., 77:3021 , 1997; Tavema et al., J. Pharmacol. Exp. Ther., 288: 
960, 1999, and Verdonck et aL. Eur. J. Pharmacol., 203:371, 1991). [2] It is possible to eliqtthe altered configuration 

20 of cells coupled with the development of persistent sodium current, by applying a toxin such as veratrine oryeratridine 
to the cell or by depolarizing the membrane potential of the cell (Experiment Example 2 described below). [3] It is also 
possible to achieve the same purpose by following the effect of a test compound on the sodium concentration within 
the cell (Mittmann et al., J. Neurophysiol., 78:1188, 1997; Russ et al., Pflugers Archiv. Eur. J. Physiol., 433:26, 1996) 
or in the synpatosome (Deffois et al., Neuroscience Letter, 220:117, 1996), because when the persistent sodium current 

25 develops, the intracellular sodium concentration will increase in association. 

[0053] (2) Next, the selective action of a test compound towards the persistent sodium current relative to the transient 
sodium current can be determined as follows: [1] to check the action of the compound against the transient sodium 
current using the voltage-clamp method, and then to compare the result with the corresponding result obtained in 
Observation (1) above (Suma et al., Eur. J. Pharmacol., 336:283, 1997). It is also possible to check whether a test 

30 compound has any inhibitory action against the transient sodium current, [2] by following its effect on the maximum 
upsroke velocity of the action potential (Campbell, J. Cardiovasc. Pharmacol., 5:291, 1983), or [3] by measuring its 
effect on the conduction velocity of the cardiac muscle or of a nerve fiber in the in vivo experiment, or more simply [4] 
by determining its effect on the PQ interval or QRS width in the electrocardiogram. Moreover, it is also possible to study 
the selective action of a test compound in a single experiment, [5] by taking a neuropathy animal model (for example, 

35 see Example 4 described below), determining its effects on a normal nerve and on an injured nerve, and comparing 
the results. 

[0054] Alternatively, observation (1) or (2) may be earned out through the method proposed by Verdonck et al. (Eur. 
J. Pharmacol., 203:371, 1991). According to this method, myocardial cells or nerve cells isolated from mammals such 
as rats, guinea pigs, rabbits, etc., or cells from a cell strain derived from neuroblastoma may be used. Isolated cells 

40 are strewn over a recording chamber filled with perfusion fluid; the membrane currents are recorded in a whole cell 
configuration by the voltage-clamp method based on the use of a glass microcapillary. Current components due to ions 
other than sodium ion, including, for example, the potassium current component must be eliminated in advance by 
adding known specific channel blockers to the perfusion fluid. Measurement of the transient sodium current of the cells 
is achieved by applying depolarizing pulses at appropriate intervals to the cells clamped at holding potential, and by 

45 observing a transient inward current elicited therewith. The test compound of this invention is added to the perfusion 
fluid; its effect on the peak value of the inward current is followed; and then for example its ICso is determined. Obser- 
vation of the persistent sodium current is achieved by adding veratridine to the perfusion fluid to 10 - 30 jimol/L, and 
shifting the holding potential towards depolarization, which will cause apersistent inward current to develop in the cells. 
Then, the test compound of this invention is added to the same perfusion fluid containing veratridine; its effect on the 

so persistent inward current is followed; and its IC^ is determined. The ratio (inhibition ratio) of the ICqq of the test com- 
pound based on the transient sodium current against the corresponding IC^ based on the persistent sodium current 
will serve as an indicator of the selectivity of the agent. The compound, to be useful for the purpose of this invention, 
should have an inhibition ratio of at least 4 or more, more preferably 7 or more, still mor preferably 10 or more, most 
preferably 20 or more. 

55 [0055] In order to efficiently select potent compounds for selectively blocking the persistent sodium current to be 
useful in this invention, it is possible to combine th abov method as appropriate with other pharmacological t sts. 
For example, such combination may be properly selected referring to the following examples. 

[0056] Process 1 : the test compound is tested for its inhibitory effect on th binding of batrachotoxin to receptors in 



8 



EP 1 182 193 A1 



th synaptosom . for xample, as in Experiment Example 1 of this invention d scribed below. 
[00571 Process 2' the t st compound is tested for its inhibitory effect on the vetratridine-induced contracture of an 
isolated myocardial" cell and its IC,* is determined as in Example 2, and/or. for its inhibitory effect on th veratridine- 
induced rise in intracellular sodium concentration of a nerve cell and its ICgo is determined as in Expenment Exampl 3. 
[0058] Process 3: the test compound is tested for its inhibitory effect on the nociceptive response in the formalin t st 
in an experimental animal model, for example, as in Experiment Example 4. 

[0059] Process 4- the test compound is determined of its amount necessary for selectively raising (without affecting 

the threshold of the normal nerve) the threshold to a mechanical stimulus applied to an injured sciatic nerve which has 

been loosely constricted and whose threshold to stimuli has been lowered on account of the injury, according to the 

Bennett's method as in Experiment Example 5. . 

[0060] Process 5: the test compound is determined how selectively it inhibits the persistent sodium current of a nerve 

cell, using the voltage-clamp method, for example, as in Experiment 6. 

[0061] processes 4 and 5 may be reversed in their order. 

[006* As those who are skilled in the art readily understand, If compounds are screened based or , the Results ob- 
tained from these Experiments, it will be possible to obtain the potent compounds which will present with a desired 

mm It will be also possible for those who are skilled in the art to add. as far as permitted to their skill, other in vitro 
or in vivo pharmacological tests as appropriate to the screening methods described above, or to replace parts of th 
latter with the former, without departing from the scope of this invention. 
[0064] The compound of this invention represented by Formula (I) will be descnbed below. 



AT 



rwherein A represents phenyl group or monocyclic aromatic heterocylic ring each substituted by R 1 and R 1 and 
Sre^ 

WfluTromethyl group, trifluoromethoxy group, nitro group, cyano group, lower alkoxycarbonyl group, amine .group un- 
subSS o"mono- or di-substituted by lower alkyl groups, carbamoyl group unsubstrtuted or mono- or dHsubstrtuted 
S loweTalky. groups, suifamoy. group unsubstituted or mono- or di-substituted by lower alkyl groups, unprotected £ 
oroShydroxyl group, unprotected or protected carboxyl group, lov^ralkoxy group, lower alM group J 
tot^rioweTaTklulfinyl group, lower alkylsulfonyl group and lower alkanoyl group; R3 represents hydrogen atom 
t a Z*X g oup: R* represents hydrogen atom or a lower alkyl group; R* represents ethoxy group or isopropoxy 
JoupTrepr^s a group: -CH(OH)- or methylene group; and Z represents a single bond or methylene group un- 
substituted or substituted by unprotected or protected hydroxyl group). 
r00651 The groups described in the formula in this invention are defined as follows. 

2 The -monocyclic aromatic heterocyclic ring" means 5-membered or 6-membered ar omatic "ngs compns ing 
onetotwohetem^ 

group, thiazolyl group, pyridyl group, pyrimidinyl group, etc. 

[0067] The "halogen atom" includes fluorine atom, chlorine atom, bromine atom, and iodine atom. 
006?] The -lower- means a straight, branched or cyclic carbon chain containing one to three carbons unless other- 
wise stated. Accordingly, the "lower alkyl group- includes a methyl group, ethyl group, propyl group, isopropyl group. 

loS^^cm^aikoxy group" includes methoxygroup. ethoxy group, propoxy group, isopropoxy group, and cy- 

5E5FX?2r alkylthlo group" includes methylthio group, ethylthio group, propylthio group, isopropylthio group. 

^T^tow^a^uffinyl group- includes methylsulfinyl group, ethylsulfinyl group, propylsulfinyl group, isopro- 

^^^'^^X^X^s^^ group, ethoxycarbon* group, propoxycarbony, 
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which one or two hydrogen atoms may be substituted by the aforementioned "lower alkyl group." Specifically, it includes 
amino group, m thylamino group, ethylamino group, propylamino group, isopropylamlno group, cyclopropylamlno 
group, dimethylamino group, diethylamino group, dipropylamino group, diisopropylamino group, ethylmethylamino 
group, methylpropylamino group, ethylpropylamino group, etc. 
5 [0075] The "carbamoyl group unsubstituted or mono- or di-substituted by lower alkyl groups" means a carbamoyl 
group of which one or two hydrogen atoms bound on nitrogen atom may be substituted by the aforementioned "lower 
alkyl group." 

Specifically, it includes carbamoyl group, methylcarbamoyl group, ethylcarbamoyl group, propylcarbamoyl group, iso- 
propylcarbamoyl group, cyclopropylcarbamoyl group, dimethylcarbamoyl group, diethylcarbamoyl group, ethylm thyl- 

10 carbamoyl group, methylpropylcarbamoyl group, etc. 

[0076] The "sulfamoyi group unsubstituted or mono- or di-substituted by lower alkyl groups" means sulfamoyl group 
of which one or two hydrogen atoms bound on nitrogen atom of the sulfamoyl group may be substituted by the afore- 
mentioned "lower alkyl group." Specifically, it includes a sulfamoyl group, methysulfamoyl group, ethylsulfamoyl group, 
propylsulfamoyl group, isopropylsulfamoyl group, cydopropylsulfamoyl group, dimethylsulfamoyl group, diethysulfa- 

15 moyl group, ethylmethylsufamoyl group, methylpropylsulfamoyl group, etc. 

[0077] The "lower alkanoyl group" includes a formyl group, acetyl group, propionyl group, etc. 
[0078] The protective group used In "unprotected or protected hydroxyl group" as described in this specification 
includes alkyl protective groups such as a methyl group, tert-butyl group, benzyl group, trityl group, methoxymethyl 
group, etc.; silyl protective groups such as a trimethylsilyl group, tert-butyldimethylsilyl group, etc.; acyl protective 

20 groups such as a formyl group, acetyl group, benzoyl group, etc.; and carbonate protective groups such as methoxy- 
carbonyl group, benzyloxycarbonyl group, etc. ^ 
[0079] The protective group used in "unprotected or protected carboxyl group" as described in this specification 
includes alkyl ester protective groups such as a methyl group, ethyl group, tert-butyl group, benzyl group, diphenyl- 
methyl group, trityl group, etc.; and silyl ester protective groups such as a trimethylsilyl group, tert-butyldimethylsilyl 

25 group, etc. 

[0080] The preferred substituents for the compound of this invention are as follows. 

[0081] A is preferably phenyl group, furyl group, thienyl group or pyridyl group, more preferably a phenyl group, fury! 
group or thienyl group, still more preferably a phenyl group. 

[0082] R1 is preferably hydrogen atom, fluorine atom, chlorine atom, bromine atom, trifluoromethyl group, trifluor- 
30 omethoxy group, nitro group, cyano group, methoxycarbonyl group, ethoxycarbonyl group, dimethylamino group, car- 
bamoyl group, dimethylcarbamoyl group, sulfamoyl group, hydroxyl group, carboxyl group, methoxy group, methyl 
group, methylthio group, methylsuifinyl group, methylsulfonyl group, or acetyl group, more preferably hydrogen atom, 
fluorine atom, chlorine atom, trifluoromethyl group, trifiuoromethoxy group, nitro group, cyano group, methoxycarbonyl 
group, methoxy group, methyl group, methylthio group, or acetyl group, still more preferably hydrogen atom, fluorine 
35 atom, chlorine atom, trifluoromethyl group, nitro group, cyano group, or methyl group. Particularly, hydrogen atom, 
fluorine atom, chlorine atom, or cyano group is preferred. 

[0083] R 2 is preferably hydrogen atom, fluorine atom or chlorine atom, more preferably hydrogen atom. 
[0084] The combination of R 1 and R 2 preferably occurs between hydrogen atom, fluorin%<atom, chlorine atom, trif- 
luoromethyl group, trifiuoromethoxy group, nitro group, cyano group, methoxycarbonyl group^ methoxy group, methyl 
40 group, methylthio group or acetyl group as R 1 , and hydrogen atom as R 2 , more preferably between hydrogen atom, 
fluorine atom, chlorine atom, trifluoromethyl group, nitro group, cyano group or methyl group as R 1 , and hydrogen atom 
asR 2 . 

[0085] R 3 is preferably hydrogen atom or methyl group, more preferably hydrogen atom. 
[0086] R 4 is preferably hydrogen atom or methyl group, more preferably methyl group. 
45 [0087] R 5 is preferably isopropoxy group. 

[0088] R 5 preferably has its substitution position at a para position (4th position) with respect to -NR 4 -. 
[0089] X is preferably methylene group. 
[0090] Z is preferably methylene group. 

[0091] The preferred combinations of the substituents in the compound are as follows. A represents phenyl group, 
50 furyl group or thienyl group each substituted by R 1 and R 2 , wherein R 1 is hydrogen atom, fluorine atom, chlorine atom, 
trifluoromethyl group, trifiuoromethoxy group, nitro group, cyano group, methoxycarbonyl group, methoxy group, m thyl 
group, methylthio group, or acetyl group while R 2 is hydrogen atom; R 3 represents hydrogen atom or methyl group; 
R 4 represents hydrogen atom or methyl group; R 5 represents ethoxy group or isopropoxy group; X represents a gr up: 
-CH(OH)- or methylene group; and Z repr sents a single bond or methylene group unsubstituted or substituted by 
55 hydoxyl group. More preferably, A is a phenyl group substituted by R 1 and R 2 , or unsubstituted furyl group or unsub- 
stituted thienyl group, wherein R 1 is hydrogen atom, fluorine, atom, chlorine atom, trifluoromethyl group, nitro group, 
cyano group, or methyl group, while R 2 is hydrogen atom; R 3 represents hydrogen atom or methyl group; R 4 repres nts 
hydrogen atom or methyl group; R 5 represents ethoxy group or isopropoxy group which has its binding site at a para 
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position (4th position) with respect to -NR 4 -; 

X represents a group: -CH(OH)- or methylene group; and 

Z represents a single bond or methyl ne group unsubstituted or substituted by hydoxyl group. 

[0092] The preferred compound Includes fbllowings. 

4J24N-methyt-N^4-lsopropoxyphenyl)amirx3]ethyn-1-(2^henylethyl)piperidlrv4^ 

1-2-(4^anophenyl)ethyll^2-rN-methyl-NK4^sopropoxypheny0amino]ethyl]piperidin^-ol 

14244-fluoropheny0ethy0^2HN^thyl-N^4-isopropoxyphenyl)amino]ethyl]piperidin^ 

4-[2-[N-methyl-N-(4-isopropoxypheny^ 

l42-(3^anophenyl)ethyQ^[2HN-n^myl-NK4^sopropoxypheny0amino]ethyl]pipe^lr>^ 

lV(3-fluorophenyl)ethyQ^-[2-[N-meth^^ 
1-[ 2 -(2-fluorophenyl)ethyO^[2-[N-meth^^ 

lV(4-chlorophenyl)emylH-^ 
1-2-^lorophenyl)emyll-^^^ 

lV(2^lorophenyl)ethylH-[2^^methyl-N-(4-isopropoxyphenyl)am.no]ehyl]p^ 
4- 2- N^ethyl-N^ILpropo^^ 

4- Ltime^ 
4-2-N-methyl-N-(4^^ 

142-(3-furyl)ethyn^2HN^thyl-NH4-isopropoxyphenyl)amino]ethyl]pipendin-4-ol 

4-2Vmethyl-N-(4-isopropoxyphen^^ 
lV(4-cyanophenyDethyO^[2-[N-(4^^ 

1-[2-(4^anopheny0ethy0^[2-[N.(4-isopropoxypheny0amino]ethynpiperidin-4^l 
1 2- Icvanophenyl ethyO^-lN-rrethyl-N-^ 
|-4^anoSenyl)e^ 

1H244^anophenyl)ethy0^^ethyl-NK4-isopropoxypheny0aminomethyl]pipendin-^l 

100931 These compounds can form the salts described below. ubAi11 . 
Km The impound of this invention may contain asymmetric carbon atoms in ite structure, and Mhw '^rious 
somers op«ca?ty active or inactive including stereoisomers (enanthiomers and d«stereoisome rs etc.) geomeW cal 
somers °P"^ a ™ isomers etc and the^ mD rtures and isolated single compounds are also included in this in- 
Son Z^ZTs^TZ^e, lorn other isomers, and its purification can be achieved by any person^at 
ST^SlSySdl in the art using such techniques as differential crystallization, or opt,ca. resolut.cn by column 

T^^^^T^on -V form acid-bound setts, or may form salts with bases depending on 
KLre^f teTbstituente The salts are not limited to any specific ones, as long as they are pharmaceut.ca^ 
HZHS* sSc^^ sans, the acid being a minera. acid such as hydrochloric acid, hyd- 

SSSS ^add^rSc XsuLc acid, nitric acid, phosphoric acid, etc.; an organic <*^™" such as acetc 
~n^ 

eaSXsuSasso^ «W- 
1 !, „ .^ntf ^desired add Of base at equivalent amounts are mixed and the resulting salt is oollaotad by 

^'^l a Jt^Z^T^tZL% eomaln mono- or di-sslts. The 

preslnl HZSZ£ Ts!mu»aneous,» to,m bom aold addition salt and salt with a base depending on the substitoen. 
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♦ 

[0099] Next, the method for manufacturing the compound of this invention will be disclosed and the processes in- 
voiv d therein will be described. The definitions of A, R 3 , R\ R5 f w, P, Q, X, Y, Z and Z" in Formulas (I), (l)-a, (V0, 
(VI I'), (IX), (X*), (XI), (XII) and (XIII) cited in the Reaction Schemes and the description of Manufacturing Methods 1 to 
4 are the sam meanings as abov , unless otherwis stated. 

[0100] The compound of this invention represented by Formula (I), or its salts can be prepared according to Manu- 
facturing Methods 1 to 4 described below or to their modifications from compounds as represented by Formula (III) 
(wherein R 4 and R 5 have the same meanings as defined above), Formula (IV) (wherein A, R 3 , X, Y and Z have the 
same meanings as defined above), Formula (V) (wherein R 3 , P and Z have the same meanings as defined above), 
F9rmulas (XI) to (XIII), Formula (XIV) (wherein A, R 3 X, Y and Z have the same meanings as defined above), Formula 
(XV) (wherein R 3 f P and Z have the same meanings as defined above), Formula (XVII) (wherein A, X and Y have the 
same meanings as defined above), or Formula (XVIII) (wherein P has the same meanings as defined above), which 
may be synthesized starting from the compounds known in the art or from commercially available compounds. As the 
starting material, intermediate material and product of each process, the salt of a relevant compound may be used as 
needed. 

[0101] Next, the manufacturing processes will be described in detail. 
Manufacturing Method 1> 

[01 02] It is possible to prepare a compound represented by Formula (I) or its salt, from a compound represented by 
Formula (III), and another compound represented by Formula (IV) or Formula (V), by employing appropriate processes 
cited in Reaction Scheme 1. 
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<Process 1> 



£0103] It is possible to obtain a compound represented by Formula (VI) (wherein R 3 R 4 R 5 A X Y anri 7 haufl ^ 
same meanings as defined above), by allowing a compound represented by Formute' L to rearf'Jth anft^™ 
pound represented by Formula (IV) in a solvent not interfering with the reaction for 1 £ 

comprising ha^enated hydrocarbon solvents such as ^Z^^^^l^^^Z 
diethyl ether, tetrahydrofuran. etc., hydrocarbon solvents such as benzene, hexane etc and LllrlZnJ IS 
dimethyfformamide. dimethyl sulfoxide, etc.. in the presence of a condensing ES^aTECSSl!^ 
nopropyi^rbodiimide hydrochloride (water so.uble carbodiimide hydrochloride", WS Sc,) o * 

n<£ L 3 t rrf U ! :, e ^ tWeen °° C and the tem P erature ^ which the reaction mixture wiTeflux 
[01 04] Alternatively, rt w,ll be possible to elicit the above reaction by allowing the two compounds fo react in a solvent 
not mterfenng wrth the reaction, for example, chosen from the group comprising halogenated hySolSon sotenS 
such as methylene chlonde. chloroform, etc., ether solvents such as diethyl ether, tetrahydrofuran, etc^and hydrocar- 
bon solvents such as benzene, hexane. etc.. in the presence of a dehydrating agent such as phosphonToxThS 
reaction Sure SfX ' ^ * 9 bet — *™ «« *a tempered 'i K5£ 

£ 1 f? 1 1 n^ S ° r >SSib ' e 1° 8 """P 0 "™ 1 "Wanted by Formula (VI), by converting a compound represented 
by Formula (IV) into an acyl chloride using thionyl chloride or the like, and then by allowing the acyl chlonde Treart 
wrth a compound represented by Formula (III) in a solvent chosen from the group Jmprising haloSteaCreca^ 
solvents such as methylene chloride, chloroform, etc.. ether solvents such as diethyl ethe^. 235K2n 
drocarbon solvents such as benzene, hexane. etc.. and basic solvents such as pyridine/triethySne Sc in Se 
presence of an organic base such as triethyiamine. pyridine, etc. or of an inorganic oase mihmSSSS^^ 
roi oeV H ? tT^T^fT " 2 °° C temperature at which action mixture v£ll reflux, 

descriled oetow ^ 8 C ° mP ° Und represented bv Fo ™'a (V.) according to Precesses 2. 3 and 4 



<Process 2> 



[0107] It is possible to prepare a compound represented by Formula (VII) (wherein R3 R 4 R5? p and 2 have 
same meanings as defined above) from a compound represented by Formula (III) and anottiercompound I represented 
by Formula (V) according to Process 1. The protective group P includes alky, protective greu^Xs benzy! gro^ 
' 9 r °"P. m ^xymethyl group, etc.. and carbamate protective groups such as tert-butoxVcarbony. gTup S 

< Process 3> 

[0108] It is possible to obtain a compound represented by Formula (VIII) (wherein R3, R4 >R 5 and z ^ve the same 
rel^b^nS ^ ™ 9 Pr ° teC,iVe 9rDUP 31 the 1St of P'Peri^e from a compound^ 

[01 091 Removal of the protective group at the 1st position of piperidine from a compound represented by Formula 
O/ll) may be achieved by a method introduced in the above review. i.e.. "Protective Groups in O^anrSes^rd 
Ed 1 999. For example, if the protective group is a benzyl group, benzyloxycarbony. group or thTlfre Remove of £ 
protective group w..l be achieved by placing the compound in an alcoholic solvent sucl, as methanol ^ol eto ^ 

of a catalyst such as palladium on carbon, platinum oxide, etc.. at a temperature between 0-C and the temperature at 
wh.ch the react™ mixture will reflux. Then, a compound represented by Formula (VIII) will beobtained. If the protective 
group .s a tert-butoxycarbonyl group or the like, removal of the protective group will be achieved by placing the com- 
pound ,n add such as tnfluoroacetic acid, hydrochloric acid. etc.. in the presence orabsence of anisofe ata tempered 
be obS n ^. temPeratUre 31 ^ ^ reaCti ° n mlXtUre Wi " reflux - Then ' a ""I*"* represented by ?<ZZ 

<Process4> 

h^po 1 ? l ^ lb,e !° a "f W 1 C ° mp ° U !: d . re P resented «* F o""u'a (VIII) to react with another compound represented 
by Formula (IX) according to the method described below appropriately chosen depending on the natur of -Y-Q 
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(Method A) 

101 1 11 If -Y and Q together represent halogenated alkyl group, compounds r presented by Formulas (VIII) and (IX) 
are placed In a solvent not interfering with the reaction, for example, chosen from the group comprising halog nated 
hydrocarbon solvents such as methylene chlorid . chloroform, etc.. ether solv nts such as di thyl eth r. t Irahydrc- 
furan etc hydrocarbon solv nts such as benzene, hexane. to., and polar solvents such as dimethyrformamide, dime- 
thyl sulfoxide etc.. in the presence or absence of an organic base such as triethylamine, pyridine, etc., or of an inorganic 
base such as potassium carbonate, etc.. at a temperature between 0°C and the temperature at which the reaction 
mixture will reflux. Then, a compound represented by Formula (VI) will be obtained. For this reaction, sodium iodide 
may be used as a catalyst 

(Method B) 

101 121 If -Y and Q together represent aldehyde, compounds represented by Formulas (VIII) and (IX) are placed in 
a solvent for example, chosen from the group comprising aromatic hydrocarbon solvents such as toluene benzen . 
etc.. halogenated hydrocarbon solvents such as methylene chloride, chloroform, etc.. and alcohol c solvents such as 
methanol, ethanol. etc.. in the presence or absence of an acidic catalyst such as acetic acid etc.. in combination wrth 
^appropriate reducing agent. Then, a compound represented by Formula (V.) will be obtained Generally speak^ 
for this reaction, any reducing agent that can reduce an imino group into anamino group is aPP 1 !^: b ^ ^ e 
redudng agent includes sodium triacetoxyborohydride. sodium borohydride. lithium borohydnde. dnsobutylaluminum 
hydride, sodium cyanoborohydride. etc. The reducing reaction may proceed at a temperature between -78°C ^ 
temperature, preferably at room temperature, for a period which will allow, a sufficient amount of the reaction product 
to form, specifically, a period between 3 and 12 hours. 

(Method C) 

[01 13] If -Y and Q together represent carboxylic acid, it is possible to prepare a compound represented by Formula 
(VI) according to Process 1 . 

<Process 5> 

[0114] Itis possible to obtain acompound represented by Formula (l)orits salts, by allowing a expound represented 

by Formula (VI) to react with a reducing agent such as lithium aluminum hydride or diisobutylaluminum hydnde u ora 

borane complex represented by borane-methyl sulfide or borane-tetrahydrofuran, in a solvent not interfenng with the 

SSon for^ampto. chosen from the group comprising ether soivents such as diethyl etherj 

and aromatic hydrocarbon solvents such as toluene, benzene, etc.. at a temperature beWveen O'Cand the temperature 

at which the reaction mixture will reflux. If a compound represented by Formula (VI) has a carbonyl group as Y. the 

carbonyl group will be also reduced through the same reducing reaction into a methylene group. 

[0115] It is possible to obtain a compound represented by Formula (I) or its salts by processing a compound repre- 

s nted by Formula (VIII) according to Processes 6 and 7 described below. 

<Process 6> 

10116] It is possible to prepare a compound represented by Formula (X) (wherein R3, R*. R* and Z have the same 
mean nos as defined above), by processing a compound represented by Formula (VIII) according to Process 5. 
Z 17? It is a.so possible to prepare a compound represented by Formula (X), by reducing a compound represented 
by Formula (VI.) according to Process 5. and then by removing the protective group inserted at the 1st position of 
piperidine from the resulting compound according to Process 3. 

<Process 7> 



roi 1 81 It is possible to prepare a compound represented by Formula (I) from compounds represented by Formulas 
X and ( X) Tof a compound represented by Formula (IX). -Y and Q together represent halogenated alky. grou* 
^parat on o t .compound in question will be achieved by Method A of Process 4. If -Y and Q together represents 
a deS ^ desired preparation will be achieved by Method B of Process 4. If -Y and Q together represent^rboxy1.c 
acid Sis possibT S obtain a compound represented by Formula (I) by processing the above stortmg compounds by 
Mettle C E Process 4. and then by reducing the amide bond formed in the resulting compound by Process 5. 
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•^Manufacturing Method 2> 

[0119] The manufacture of a compound represented by Formula (l)-a which is the same with Formula (I) except for 
T replacing Z, will be described below. ■ 

5 



10 
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*s [0120] It is possible to prepare a compound represented by Formula (l)-a or its salts from a compound represented 
by Formula (XI), and another compound represented by Formula (XII) or Formula (XIII). by employing appropriate 
processes cited in Reaction Scheme 2. 
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» 

< Process 1> 

10121] It is possible to obtain a compound represented by Formula (VT) by binding a compound represented by 
Formula (XI) to another compound represented by Formula (XII), and th n by alkylating the hydroxyl group of the 
resulting compound as needed. If in a compound represented by Formula (XI), W represents hydrogen atom, it is 
possible to achieve the addition reaction by allowing a compound represented by Formula (XI) to react with a metal 
amide reagent such as lithium diisopropylamide. lithium hexamethyldisilazide, potassium hexamethyldisilazide, etc., 
or of an organic metal reagent represented by tin (II) triflate or the like in a solvent not interfering with the reaction, for 
example, chosen from the group comprising ether solvents such as diethyl ether, tetrahydrofuran, etc., and hydrocaroon 
solvents such as benzene, hexane, etc., at a temperature between -1 00°C and room temperature, to turn the compound 
into a metal enolate, and then by allowing the enolate to react with a compound represented by Formula (XII) at a 
temperature between -100°C and room temperature. 

[0122] If in a compound represented by Formula (XI) W represents halogen atom, or more preferably a bromine 
atom, elicitation of the addition reaction will be achieved by allowing a compound represented by Formula (XI) to react 
with zinc powder in a solvent not interfering with the reaction, for example, chosen from the group comprising ether 
solvents such as diethyl ether, tetrahydrofuran, etc., and hydrocarbon solvents such as benzene, hexane, etc., to turn 
the compound into a zinc compound, and then by allowing the zinc compound to react with a compound represented 
by Formula (XII). 

[0123] Alkylation of the tertiary hydroxyl group of the compound resulting from the above addition reaction may be 
achieved by placing the compound in a solvent not interfering with the reaction such as dimethylformamide or dimeth- 
ylimidazolidone, in the presence of a base such as sodium hydride, etc., in combination with an alkylating'agent such 
as alkyl halide, for example, methyl iodide, or alkyl sulfate, for example, dimethyl sulfate, at a temperature between 
-20°C and the temperature at which the reaction mixture will reflux, or more preferably at a temperature between ice- 
cooled temperature and room temperature. 

[0124] It is also possible to obtain a compound represented by Formula (VP) according to Processes 2, 3 and 4 
described below. 

<Process 2> 

[0125] It is possible to prepare a compound represented by Formula (VI r) from compounds represented by Formulas 
(XI) and (XIII) according to Process 1. 

<Process 3> 

[01 26] It is possible to prepare a compound represented by Formula (VI IP) (wherein R3 R 4 , R5 and T have the same 
meanings as defined above) from a compound represented by Formula (VIP) according to Process 3 of Manufacturing 
Method 1. 

^Process 4> 

[0127] It is possible to prepare a compound represented by Formula (VP) from compounds represented by Formulas 
(VHP) and (IX) according to Process 4 of Manufacturing Method 1 . 

<Process5> 

[0128] It is possible to prepare a compound represented by Formula (l)-a or its salts from a compound represented 
by Formula (VP) according to Process 5 of Manufacturing Method 1. 

[0129] Alternatively, it is possible to prepare a compound represented by Formula (l)-a or its salts from a compound 
represented by Formula (VHP) according to Processes 6 and 7. 

< Process 6> 

[0130] It is possible to prepar a compound represented by Formula (X*) from a compound represented by Formula 
(VHP) according to Proc ss 5. 

[0131] Alternatively, it is possible to obtain a compound represented by Formula (X) by reducing a compound rep- 
resented by Formula (VI P) according to Process 5, and then by removing th protectiv group inserted at the 1 st position 
of piperidine from th resulting compound according to Process 3. 



18 



EP 1 182 193 A1 



< Process 7> 



[0132] It is possible to prepare a compound represented by Formula (l)-a or its salts from compounds represented 
by Formulas (X 1 ) and (IX) according to Process 7 of Manufacturing Method 1 . 

5 

Manufacturing Method 3> 

[01 33] It is possible to prepare a compound represented by Formula (I) or its salts from a compound represented by 
Formula (III), and another compound represented by Formula (XIV) or Formula (XV), by employing appropriate proc- 
10 esses cited in Reaction Scheme 3. 



15 



20 



25 



30 



35 



(IH) 



<Process 1> 



0T 

(XV) 



<Proce$s 2> 



(XVI) 



<Process 3> 



(XIV) 



(i) 



<Process 4> 



(X) 



40 



Reaction Scheme 3 



45 < Process 1> 



50 



[01 34] It is possible to prepare a compound represented by Formula (I) or its salts from compounds represented by 
Formulas (III) and (XIV) according to Process 4 of Manufacturing Method 1. 

[01351 If Y represents a carbonyl group, the resulting compound should be immed.ately submrtted to Process 5 of 
Manufacturing Method 1 so that its amide group may be reduced. Then, a compound represented by Formula (I) is 



S > 136] ed Altemativery. it is possible to obtain a compound represented by Formula (I) or its salts by employing Proc- 
esses 2, 3 and 4 described below. 

55 <Process 2> 

101371 It is possibl to prepar a compound repr sented by Formula (XVI) (wherein R3. R*. RS, P and Z have the 
samPmeanmS as defined above) from compounds repr sented by Formulas (III) and (XV) according to Process 1. 
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<Process 3> 



Sl/ifl J 5- P T T t0 w represented by Formula (X) from a compound represented by Formula 

(XVI) according to Proc ss 3 of Manufacturing Method 1. 



<Process 4> 



[0139] It \s possible to prepare a compound represented by Formula (I) or its salts from compounds represented by 
Formulas (X) and (IX) according to Process 7 of Manufacturing Method 1 . 

Manufacturing Method 4> 

[0140] The manufacture of a compound represented by Formula (l)-b which is the same with Formula (I) except for 
Z representing a single bond, will be described below. 



i y <i)-b 

A 

[0141] It is possible to prepare a compound represented by Formula (l)-b (wherein A, R3, R4, R s and x have the 
same meanings as defined above) or its salts from a compound represented by Formula (III), and another compound 
represented by Formula (XVII) or Formula (XVIII). by employing appropriate processes cited in Reaction Scheme 4 
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(in) 



. / 



<Process 2> 



(XIX) 



<Process 1> 



(XVII) 



<Process 3> 



(IX) 



(D-b 



<Process 4> 



(XX) 



Reaction Scheme 4 



<Process 1> 

10142] It is possible to obtain a compound represented by Formula (l)-b or its salts by allowing a compound repre- 
sented by Formula (III) to react with another compound represented by Formula (XVII) In a solvent not interfering wrth 
the reaction, for example, chosen from the group comprising halogenated hydrocarbon solvents such as methylen 
chloride chloroform, etc., ether solvents such as diethyl ether, tetrahydrofuran, etc., hydrocarbon solvents such as 
benzene hexane, etc.. and polar solvents such as dimethylformamide, dimethyl sulfoxide, etc.. in the presence of an 
acidic or'basic catalyst, at a temperature between 0°C and the temperature at which the reaction mixture will reflux. 
Alternatively, it Is possible to obtain the same compound by allowing the same starting materials to react in diethyl 
ether in the presence of a neutral alumina at room temperature, according to the method described in Gary H. Posner 
etal Journal of the American Chemical Society, 99:8208-8214, 1977. 

[01431 If Y represents a carbonyl group, the resulting compound should be immediately submitted to Process 5 of 
Manufacturing Method 1 so that its amide group may be reduced. Then, a compound represented by Formula (l)-b will 

^^ "Alternatrvely. it Is possible to obtain a compound represented by Formula (l)-b or its salts by employing Proc- 
esses 2, 3 and 4. 

<Process2> . 

101451 It is possible to prepare a compound represented by Formula (XIX) (wherein R* R*. R5 and P have the same 
meanings as defined above) from compounds represented by Formulas (III) and (XVIII) according to Process 1. 

< Process 3> 

101461 It Is possible to pr pare a compound represented by Formula (XX) (wherein R3. R4 and RS have th same 
meanings as defined above) from a compound r presented by Formula (XIX) according to Process 3 of Manufactunng 
Method 1. 
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<Process 4> 

[0147] It is possible to prepare a compound represented by Formula (l)-b or its salts from compounds represented 
by Formulas (XX) and (IX), according to Process 7 of Manufacturing Method 1. 

[0148] If the compounds prepared by the above processes have the structures represented by Formulas (I) (IVa 
(l)-b f (XVI), and (XIX) wherein R 4 represents hydrogen atom, it is possible to convert them to compounds represented 
by the corresponding formulas wherein R 4 represents a lower alkyl group, by subjecting the compound to alkylation 
using an alkylating agent such as alkyl halide, for example, methyl iodide, or alkyl sulfate, for example, dimethyl sulfate 
in a solvent not interfering with the reaction, for example, chosen from the group comprising halogenated hydrocarbon 
solvents such as methylene chloride, chloroform, etc., ether solvents such as diethyl ether.-tetrahydrofuran, etc hy- 
drocarbon solvents such as benzene, hexane, etc., and polar solvents such as dimethylformamide, dimethyl sulfoxide, 
etc., in the presence or absence of an inorganic base such as potassium hydroxide, sodium hydride, potassium car- 
bonate, etc., or of an organic base such as triethylamine, pyridine, etc., at a temperature between 0°C and the tem- 
perature at which the reaction mixture will reflux. Alternatively, it is possible to prepare the compound in which R 4 
represents lower alkyl group by using aldehydes or ketones according to Method B in Process 4 of Manufacturing 
Method 1. Alternatively, it is possible to prepare the compound in which R 4 represents lower alkyl group, by acylating 
with carboxylic acid derivative according to Process 1 of Manufacturing Method 1. and then by reducing the resulting 
compound according to Process 5 of Manufacturing Method 1. ~ 
[0149] If the compound prepared as above has the structure represented by Formula (VI), (VII), (VI 1 ) or (VIP) wherein 
R 4 represents hydrogen atom, it is possible to convert it to a compound represented by the corresponding formula 
wherein R 4 represents lower alkyl group, by subjecting the compound to alkylation using an alkylating agent such as 
alkyl halide. for example, methyl iodide, or alkyl sulfate, for example, dimethyl sulfate, in a solvent not interfering with 
the reaction, for example, chosen from the group comprising halogenated hydrocarbon solvents such as methyl ne 
chloride, chloroform, etc., ether solvents such as diethyl ether, tetrahydrofuran, etc., hydrocarbon solvents such as 
benzene, hexane, etc., and polar solvents such as dimethylformamide, dimethyl sulfoxide, etc., in the presence of a 
base such as potassium hydroxide, sodium hydride, etc., at a temperature between 0°C and the temperature at which 
the reaction mixture will reflux. 

[01 50] If the compound prepared as above has the structure represented by Formula (I), (l)-a, (l)-b, (VI), (VII), (Vl') 
(Vir), (XVI) or (XIX) which has an alkoxy group as a substituent on its benzene ring, it Is possible to obtain anoth r 
alkoxy group-substituted derivative from the compound, by dealkylation using boron tribromide, hydrogen bromide in 
acetic acid or the like, and then by subjecting the resulting compound to alkylation using one of the aforementioned 
alkylating agents in a solvent not interfering with the reaction such as dimethylformamide, dimethylimidazolidone or 
the like, in the presence of a base such as sodium hydride, at a temperature between -20°C and the temperatur at 
which the reaction mixture will reflux, or more preferably at a temperature between ice-cooled temperature and room 
temperature. 

[0151] The compounds prepared as above by the aforementioned processes may be converted to another during 
process, according to the methods described below. 

[0152] If the compound has a structure represented by one of the above? formulas wherein X represents a carbonyl 
group, it is possible to convert, as needed, the compound to another compound wherein X is group: -CH(OH)- f by 
allowing the compound to react with a reducing agent such as sodium borohydride in a solvent, for example, chosen 
from alcoholic solvents such as methanol, ethanol, etc., at a temperature between 0°C and the temperature at which 
the reaction mixture will reflux. 

[01 53] If the compound has lower alkoxycarbonyl group as a substituent, it is possible to replace the alkoxycarbonyl 
group with carboxyl group, by a known method, for example, by hydrolyzing the compound in a solvent chosen from 
alcoholic solvents such as methanol, ethanol, etc., in the presence of alkaline aqueous solution of lithium hydroxide, 
sodium hydroxide or the like, at a temperature between room temperature and the temperature at which the reaction 
mixture will reflux. Further, it is possible to replace the resulting carboxyl group with a carbamoyl group unsubstituted 
or mono- or di-substituted by lower alkyl groups, by subjecting the compound to the condensing reaction as described 
in Method C above. 

[01 54] Further, if the compound prepared as above has a halogen atom, or preferably a bromine atom as a substituent 
on its aromatic ring, it is possible to convert the bromine atom to a cyano group, by a known method, for example, by 
placing the compound in a solvent not interfering with the reaction, for example, chosen from polar, aprotic solvents 
such as dimethylformamide, dimethyl sulfoxide, dimethylimidazolidone, etc., by using copper cyanide (I), potassium 
cyanide, etc., at a temperature between room temperature and th temperature at which the reaction mixture will reflux. 
This reaction may proceed in the presence of a catalyst chosen from transition metal complexes comprising palladium 
complexes, for example, palladium acetate, and nickel complexes, for example, tetrakistriphenylphosphin nick I. It 
is possible to further convert the cyano group to lower alkanoyl group, by allowing the above compound to react with 
an organic metal compound represented by alkylmagnesium bromid . alkyl lithium, tc, in a solvent not interfering 
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with the reaction, for example, chosen from ther solvents such as diethyl ether, tetrahydrofuran, tc, at a temperature 
between -100°C and room temperature. 

[0155] If the compound prepared as above has, as a substituent, a reactive group such as a hydroxy! group, amino 
group, carboxyl group, etc., it is possible to protect the group with a protective group appropriately chosen at one 
5 process, and then to remove the protective group at another as needed. Introduction and removal of such a protectiv 
group may be achieved by any method appropriately chosen depending on the natures of the group to be protected 
and protective group, for example, by the methods as described in the aforementioned review, "Protective Groups in 
Organic Synthesis," 3rd Ed., 1999. 

[0156] Out of the reaction intermediates used in the above processes, it is possible to prepare a compound repre- 
10 sented by Formula (XII) by a known method, for example, by allowing a compound represented by Formula (IX) to 
react with 4-piperidone or its equivalent according to Process 4 of Manufacturing Method 1 . Or, it is possible to obtain 
a compound represented by Formula (XII) wherein Y represents a methylene group, by allowing a compound repre- 
sented by Formula (XXI): 
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(XXI) 



(wherein A and X have the same meanings as defined above) to undergo a reaction by the method as disclosed in 
Huegi et al., J. Med. Chem., 26:42, 1983. 

[0157] It is further possible to obtain compounds represented by Formulas (IV) and (V), by allowing compounds 
represented by Formulas (XII) and (XIII) to react with unprotected or protected acetic acid carrying a desired substituent 
25 according to the method as described in Manufacturing Method 2. 

Experimental Example 

[0158] The present invention will be illustrated below with reference to Experimental Examples, but It should be 
30 understood that the present invention is not limited in any way to these examples. 

Experimental Example 1 

[Inhibitory effect on the binding of batrachotoxin to receptors in the synaptosome from the rat brain] 

35 

[01 59] The experiment was undertaken according to the method disclosed by Catterall et al., J. Biol. Chem. 256(17): 
8922, 1981. Specifically, to the Hepes/Tris-HCI buffer (pH 7.4) containing a synaptosome membrane fraction prepared 
from the rat brain, were added the buffer containing 1.5nM batrachotoxin A20-alfa : benzoate labeled with tritium, 100 
liM veratridine and a test compound (concentration is expressed as final one), and the mixture was incubated at 37°C 

40 for 30 minutes. Then, to the mixture was added ice-cooled, cleaning buffer, and the resulting mixture was passed 
through a GF-C filter (Watman) for filtration. After the filter has been washed three times with cleaning solution, it was 
assayed with a scintillation counter for the radioactivity of substances attached thereto. The concentration of th test 
compound necessary for interfering with the specific binding of the radioactive ligand by 50% was determined by th 
probit method, and it was taken as the IC^ value (jimol/L) of the test compound. The results are shown in Table 1 . In 

45 this experiment, the ICgo values of comparative agents were 300 nmol/L and over for carbamazepine, 17 jimol/L for 
mexiletine, and 51 nmol/L for phenytoin. 



Table 1: 



Inhibitory effect of test compound on the binding of batrachotoxin with receptors in synaptosome 


Test compound 


IC50 value (iimol/L) 


r 50 


0.30 


51 


0.61 


55 


0.28 



[0160] The test compounds of this invention xerted a far higher inhibitory ffect on the binding of batrachotoxin than 



23 



EP1 182 193 A1 



10 



15 



do the conv ntional medicines used for the treatment of neuropathy pain. From this, it was suggested that the test 
compounds hav a high affinity to th sodium channel. 

Experimental Example 2 

[Inhibitory effect on the veratrine-induced contracture of Isolated myocardial cells] 

[01 61] The experiment was undertaken by the method disclosed by Donck et al.. Life Scl.. 38:765. 1986 Specifically, 
the heart removed from the rat according to the Langendortfs method was treated with an enzyme, and isolated my- 
ocardial cells were obtained. The myocardial cells were inoculated on a 48 multi-well plate (3548, Coster) previously 
coated with poly-L-lysine at a rate of 1x104 cells/well. The plate was kept at 37°C for 1 hour while being exposed to a 
flow of gas comprising 95% 0 2 and 5% CO z , to allow the cells to adhere to the bottom of each well. Then the test 
compound was added to each well, and allowed to be there for 30 minutes, and vetratrine was added to each well to 
100 p,g/mL. Five minutes later, the cells of each well was checked for their morphological changes, and the changes 
were photographed. If the cells' shape changed from a rod-like one into a ball-like one in the presence of veratrine 
the cells Were regarded as falling to contracture as a result of the exposure to veratrine. The inhibitory effect of the test 
compound on the contracture was determined by the probit method, and was expressed in terms of IC m The results 
are shown in Table 2. _ow 
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Table 2: 



30 



35 



Inhibitory effect of test compound on the vetratrine-induced contracture of isolated myocardial cells 


Test compound 


IC 50 value f^imol/L) 


50 


1.51 


51 


1.56 


55 


r 1.34 


86 


1.65 



[0162] Veratrine is a mixture of belladonna alkaloids. If veratrine is applied to isolated myocardial cells the cells 
which take a rod-like shape in a normal state will fall to contracture, taking a ball-like shape. Veratrine, when applied 
to isolated myocardial cells, is thought to cause a persistent sodium current in the cells, by suppressing the inactivati n 
of the sodium channel in the cells, which leads to the contracture of the cells (Donck et al., ibid). It was suggested that 
the compound of this invention will inhibit the persistent sodium current because it was found to inhibit the veratrine- 
induced contracture of isolated myocardial cells. 



Experimental Example 3 

40 [Measurement of intracellular sodium concentration] 

[0163] The method disclosed in Experiment Example 2 may be substituted for the method of this experiment. The 
experiment was undertaken by the method disclosed by Russ et al., Pflugers Archiv. Eur. J. Physiol., 433:26, 1996. 
For this experiment, myocardial cells or nerve cells isolated from mammals such as rats, guinea pigs/or rabbits, or a 

45 cell strain derived from neuroblastoma are usable. In this experiment, a cell strain derived from neuroblastoma was 
used. Measurement of the intracellular sodium concentration of cultured cells was achieved by determining the intensity 
of fluorescence emitted by an SBFI dye using a fluorescent microscopic system connected to a photomultiplier, or a 
video image analysis system. Specifically, the cells were kept in preserving solution containing SBFI acetoxymethyl- 
ester and pluronic acid, so that they were intracellular^ loaded with SBFI. After loading, the cells were transferred to 

50 a bath on the microscope stage filled with measurement buffer; the cells were exposed to excitation beams having 
wavelengths of 340 and 380 nm; and fluorescent light having a wavelength between 500 and 530 nm was recorded. 
The intensities of fluorescence resulting from the two excitation beams were determined, and their ratio was calculated 
to give the intracellular sodium concentration. Then, veratridine was added to the buffer solution in the bath at a final 
concentration of 30 ^moI/L, to induce a persistent sodium current in the cells, and th increased intracellular sodium 

55 concentration associated therewith was followed. If the test compound of this invention was added to the buffer solution 
to 0.1 to 100 jimol/L 10 minutes before the addition of veratridine, it clearly inhibited, in a dos dependent manner, the 
veratridin -induced increase of the intracellular sodium concentration. 
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Experimental Exampl 4 

[Inhibitory effect on the formalin-induced nociceptive response in rats] 

5 [01 64] The experiment was undertaken by the method disclosed by Doak et al., Eur. J. Pharmacol. 281 :31 1 . 1 996. 
Specifically, 25 \iL of 0.5% formalin solution was subcutaneously injected into the left foot pad of the rat, and th n each 
behavior of the rat consisting of the licking or biting of the pad immediately following the injection was checked with a 
stopwatch for its duration, and its cumulative duration was recorded at five minute intervals. The nociceptive response 
observed in 10 minutes after the injection was termed a first-phase response while the response observed between 

10 10 minutes and 45 minutes after the injection was termed a second-phase response. The test compound was orally 
applied to the rat 30 minutes before the subcutaneous injection of formalin. Then, the inhibitory effect of the test com- 
pound on the nociceptive response induced by the formalin injection was calculated according to the following formula. 
The results thus obtained are shown in Table 3 (n = 2 - 6). To mention, for illustration, the inhibitory effect of car- 
bamazepine, an agent to serve as a comparative example, if it is orally applied at 50 mg/kg, it inhibits the first-phase 

15 response by 52%, while it inhibits the second-phase response by 59%. 

Percent inhibition (%) = [(PRcontrol - PRtest)/PRcontrol] x 100 wherein PRtest is the response time (sec) of the t st 
group which received formalin and the test compound, while PRcontol is the response time of the control group which 
received formalin alone. 



Table 3: 



Inhibitory effect of test compound on the formalin-induced nociceptive response in rats 


Test compound 


Dose (mg/kg) 


Response inhibition (%) 


1st phase 


2nd phase 


50 


10 


44 


64 


51 


10 


46 


67 


55 


10 


30 


55 


56 


10 


40 


70 


58 


10 


29 


56 


60 


10 


61 


92 


65 


10 


93 


96 


84 


10 


23 


49 


86 


10 


19 


62 


90 


10 


55 


65 


96 


10 


74 


69 



[0165] As is obvious from above, the compound of this invention was demonstrated to have an inhibitory effect on 
the formalin-induced nociceptive response in rats. 

45 Experimental Example 5 

[Efficacy in the rat model made by loosely constring the sciatic nerve] 

[0166] Preparation of the rat pain model based on the constriction of the sciatic nerve was performed by the method 
50 introduced by Bennett et al. ("Pain," 33:87, 1 988). Specifically, the rat was anesthetized with i.p. injection of pentobar- 
bital sodium at 40 mg/kg; the overlying skin was cut open; and the left biceps femoris muscle was bluntly separated. 
The sciatic nerve was isolated from surrounding tissues; it was gently constricted at four sites about 1 mm apart from 
each other by the use of surgical gut sutures (4 - 0); the operated part was closed; and the rat was returned to its cage 
for further f eding. For th rat b longing to the sham-surgery group, the same operation was performed except that 
» th sciatic nerve was left untouched. Two w eks after the surgery, th respons threshold to a mechanical stimulus 
consisting of touch with a von Frey filament was determined. Th test proceeded as follows: the test compound dis- 
solved or suspended in a solvent (0.5% aqueous solution of hydroxypropylmethyl cellulos ) was orally applied to the 
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rat having the sciatic nerve constricted; on hour later, von Frey hairs were applied against the foot pad (spots ranging 
from h I to the mid-point of foot) one after another in an ascending order of their stiffness; if the rat raises its foot 
when a certain von Frey hair was applied, th stimulus intensity of that hair was taken as the response threshold 
(maximum stimulus intensity being 28.84g). The r suits are shown in Table 4 (n = 8) 



Table 4: 



Efficacy in the rat moc 


Jel made by loosely constring the sciatic nerve i 


Operation 


Test Compound 


Dose (mg/kg) 


| Mean threshold (g) 


Test foot (left) 


Normal foot (right) 


Sham-operation 






16.43 


16.43 


Constriction Press 


Solvent 




6.77# 


16.43 


Constriction Press 


Example 51 


2.5 


8.33 


16.43 


Constriction Press 


Example 51 


5 


12.63* 


16.43 


Constriction Press 


Example 51 


10 


15.58** 


16.85 


Constriction Press 


Carbamazepine 


50 


8.97 


19.85 


Constriction Press | Carbamazepine 


100 


19.43** 


27.13 



•: the difference In the mean between the solvent group and the test group was found significant at P<0 05O 
or at P<0.01(")(Dunnetrs method). 

10167] In this test, a marked fall in the threshold to a mechanical stimulus was observed only on the injured side 
that is. the side at which the sciatic nerve was constricted, suggesting the presence of ailodynia. The compound of 
this invention significantly increased the threshold of the constricted sciatic nerve to a mechanical stimulus while it 
scarcely affected the response threshold of the normal sciatic nen/e on the opposite side. In contrast, carbamazepine 
significantly raised the threshold of the sciatic nerve to a mechanical stimulus not only on the injured side but on the 
normal side. From above, it was found that the compound of the present invention selectively controls the nociceptive 
response from the injured nerve. Experimental Example 6 

[Effect of test compound on the transient and persistent sodium current (assayed by the voltage-clamp method)] 

[0168] This experiment was undertaken by the method disclosed by Verdonck et al., Eur. J. Pharmacol., 203:371, 
1991. 

Neuroblastoma cells were used. Isolated cells were strewn over a recording chamber filled with perfusion fluid- the 
membrane currents are recorded in a whole cell configuration by the voltage-clamp method based on the use of a 
glass microcapillary. Current components due to ions other than sodium ion were eliminated as follows. The potassium 
current was removed by cesium ion introduced in the capillary, and the calcium current was removed by cobalt ion 
added to the perfusion fluid. Measurement of the transient sodium current of the cells was achieved by applying de- 
polarizing pulses at appropriate intervals to the cells clamped at holding potential, and by observing a transient Inward 
current elicited therewith. The compound of Example 51 of this invention was added to the perfusion fluid- and its eff ct 
on the peak value of the inward current was followed. It was found as a result that the compound decreased the peak 
by 18% at 53 jiM. Observation of the persistent sodium current was achieved by adding veratridine to the perfusion 
fluid to 100 nmol/L, and shining the holding potential towards depolarization, which caused a persistent inward current 
to develop in the cells. Then, the test compound of this invention was added to the same perfusion fluid containing 
veratridine; and its inhibitory effect on the persistent inward current was followed. From results, concentration of the 
compound of this invention represented in Example 51 to inhibit the persistent sodium current by 18% is calculated at 
7.2 )iM. Accordingly, the selective inhibition by the compound of Example 51 against the persistent sodium current in 
comparison with the transient sodium current, or the ratio of the concentration of the compound of Example 51 nec- 
essary for inhibiting the transient sodium current by 18% against the corresponding concentration of the same com- 
pound for inhibiting the persistent sodium current by the same amount was 7.4. 
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Experimental Exampl 7 
[Toxicological study] 



101691 The compound represented by Exampl 51 was orally given by gavage to 6 week old Crj:CD(SD) IGS femal 
rats a 5 or 10 mg/kg/day once daily for 14 days. All th rats survived during treatment period, and th re was no loss 
in the weight and no notable abnormalities in general conditions. In histopathologial examining, no abnormal findings 



IoTtOI From* above results It was demonstrated, the compound of the present invention has a high affinity to the 
sodium channel, and competes, for the binding to sodium channels, with veratrine which has been known as a toxin 
w^rkTg on toe sodium channel. If orally applied, the compound in question markedly inhibits the formalin-mduced 
nociceptive response in the rat. and. if applied to the rat neuropathic pain model in which the sdatic nerve was con- 
stricS I it selectively controls the pain on the injured side. When its effect being observed on isolated cells by th 
vStegiclamp method, the compound in question selectively inhibits the persistent sodium current. Further, it induces 
no abnormal response in the toxicological study, suggesting its low toxicity. , 
W1711 Moreover even if the effective dose of the compound of this invention is administered, and changes in ECG 
Slowed no Se change was observed in the PQ interval nor in the QRS width, which suggests the compound 

oanmoder^^ 

SoonSt the nonnal nerve, will give an agent specifically adapted for the treatment of neuropathic pa.n.w,th few 
anSgesS Particularly, because of its oral applicability, it gives a high prospect as an agent specifically adapted for 
!Sl7TThe^^ 

M » cont^C^a Kne and its analogs), aconitine. etc. These toxins induce the persistent sodium curren by su- 
orisSg toe inactivation of the sodium channel in excitable cells such as nerve fibers or cardiac muscle cells. Th 
exSent Used ontne voltage-clamp method demonstrated that the compound of this invention antagonizes ver- 
aXe ^showing tt"nTbits the persistent sodium current. The compound of this invention, in the expenment on th 
ani^. neu^toy model, was found to ameliorate allodynia to a stimu.us in the "mb affected wfth = athy b^tno 
to LlSct the response threshold to a stimulus in the normal limb. On the other hand, the known scdium-channel blocker 
^SriJamSne or mexiletine which has been widely used for the treatment pain has a tow se^ 
^iiSscSumcurrentin comparison wtth toe transient sodium current, and thus when used at a dose sufficiently 
ISni^d S Zetoratinq allodynia in the affected limb, it also raises the response threshold in the normal l.mb. 

St on Coexistent sodium current as does the present compound. The compound of this Invention may ex rt ite 
effed i f £ toe treated pain, particularly of neuropathic pain, by selectively inhibiting the persis entsod.um curr n . 
1^££2Z tne cL-excitation or abnorma. spontaneous excitation of injured ™™<^^™ S ^ b ^ 
Ttetert sodfum current is likely to be most deeply Involved in the development of abnormal excitability in the membrane 

raid's Sussed above, we found an agent v^ich selectively inhibrts the persistent sodium current ^ 

rasuS indfcafing to^^ ^toe conventional sodium channel blocker does not so selectively inhibit the persistent sodium 

current a ^doestoe present compound. In other words, we found forthe first time an agent for selectively inhibriingthe 

Sent so^Tum current, and confirmed that toe agent is effective for treating the pain in the neuropatoic pa^^^ 

^ i i^^ntdoL not affect on the normal nerve but on the affected nerve. Because of these features, th 

^un^fSl^ 

~nS^ 

2S5?2^^ -hich will be safety used in the treatment of neuropathic pain, being relieved of 



rai^Se sel ctive inhibitor of the persistent sodium current containing the compound of this invention will be ef- 
J 22 foMha fLfmen of Pato accompanying painful diseases such as hyperalgesia, allodynia. spontaneous painful 
fective for the torment "^1^2? and prevention of pain accompanying central neuropathy (for exampl . neu- 
sensation. fer«^ P Spheral neuropathy (for exampl . reflex sympathetic dystrophy (RSD)). 

^^uC^ 



27 



10 



EP 1 182 193 A1 

post-surgery condition, cancer, low back pain-related neuropathy, inflammatory shoulder joint and its surrounds state 
subsequent to spinal cord injury, affected thalamus, affected lower limb, causalgia. reflex sympathetic nerv atrophy 
chronic headach affected tooth, osteoarthritis, arthritis, rheumatism, etc,, but its effective use is not limit d to the 
above. Or. the inhibitor may be used for preventing or retarding the aggravation of symptoms accompanying those 
chronic diseases which otherwise may appear in the course of time. 

[0176] The selective inhibitor of the persistent sodium current containing the compound of this invention, because 
of its having a high affinity to the sodium channel and effectively inhibiting the persistent sodium current, will be effective 
not only for the treatment of neuralgia, headache, etc., but also for the treatment of convulsion, epilepsy dementia 
(cerebrovascular and senile dementia), cerebral infarction during its acute phase, cerebral hemorrhage, transient cer- 
ebral ischemia, subarachnoidal hemorrhage, head trauma, after-effects subsequent to brain surgery, cerebral vascular 
disorders subsequent to cerebral arterial sclerosis, atopic dermatitis, itching occurring during hemodialysis to compen- 
sate for renal failure, hypersensitive enteral syndrome, urinary incontinence, etc.. but its use should not be limited to 
those diseases. 

[0177] The medicinal preparation of this invention will be used as a medicinal component. 
[0178] The medicinal component of this invention may contain at least one of the agents of this invention which 
selectively inhibit the persistent sodium current, for example, at least one or more of the compounds represented by 
Formula (I) of this invention, and may be prepared into a medicine in combination with pharmaceutically acceptable 
additives. Specifically, the preferred additive includes an excipient (for example, lactose, sucrose, mannite, crystalline 
cellulose, silica), binder (for example, crystalline cellulose, sugars (mannitol. sucrose, sorbitol, erythritol.xylitol) dextrin 
hydroxypropylcellulose (HPC), hydroxypropylmethylcellulose (HPMC). polyvinylpyrrolidone (PVP). macrogol) lubri- 
cants (for example, magnesium stearate. calcium stearate, carboxymethylcellulose). antiseptic agent (berfzarconium 
chlonde, paraoxybenzoate ester), isotonicity (for example, glycerin, sodium chloride, potassium chloride mannitol 
glucose). pH adjuster (sodium hydroxide, potassium hydroxide, sodium carbonate, hydrochloric acid sulfuric add' 
buffer such as phosphate-buffer), stabilizer (for example, sugar, sugar alcohol, xanthan gum), dispersant, antioxidant 
(for example, ascorbic acid, butylhydroxyanisol (BHA), propyl gallate. d1-a-tocophenol), buffering agent, preserver(for 
example, paraben, benzyl alcohol, benzalconium chloride), flavoring agent (for example, vanillin. 1-mentol rose oil) 
solubiliang agent (for example, polyoxyethylene-hydipgenated castor oil. polysorbate 80. polyethyleneglycol phophol- 
ipid cholesterol, triethanolamine). absorption enhancer (for example, sodium glycolate. sodium edetate, sodium 
caproate. acylcarnitines, limonene), gelatnizer. suspension enhancer, detergent or emulsifier. etc.. and these additives 
and any other appropnate additives and solvents generally used may be combined as appropriate with the compound 
of this invention, and the mixture may be prepared into any appropriate dosage forms. 

[0179] The preferred dosage form includes tablets, capsules, granules, powder, pilis. suppositories, injectables sub- 
lingual troches, orally applicable liquid, powder or suspension agents, nasally applicable agents, and sustained releas- 
able agents. The agent of this invention may be applied to the patient, in addition to the oral route, subcutaneously 
intramuscularly, intravenously, intraarterially, through the tissues surrounding a nerve, extradurally intrathecal^ intn> 
ventriculariy. intrarectally, nasally, etc. The agent of this invention may be applied as an externally applicable medicine 
such as ointment, creme. jelly, gel, paint, topically applied drug (tape, patch, pap), external liquid agents, external 
suspension agents, spray, etc. Further, the agent of this invention may be modified in such a way as to allow the pati nt 
whenever he feels pain, to apply the agent to the affected site through an infuser dedicated for the purpose (patient- 
<o treated analgesia), or through a handy type of such infuser. 

[01 80] The agent of this invention should be applied to the adult at 0.1 mg to 1 .Og/day, preferably 0 5 mg to 0 5gl 
day. but the dose may be changed as appropriate depending on the severity of the symptom, or on the administration 
route. 

[0181] A total dose for a day may be applied at once, or it may be divided into 2 to 6 fractions, and each divided 
fraction may be applied one after another orally or parenterally, or the dose may be applied dropwise or continuously 
through a tube inserted into a vein. 
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EXAMPLES 



[01 82] Next, this invention will be described below more in detail by means of Examples, but it should be understood 
that this invention is not limited in any way to those examples. 

[01 83] The nuclear magnetic resonance (NMR) spectrum of the test compound was obtained with machines provided 
by JEOL Ltd.(JEOL JNM-EX270 FT-NMR (data obtained with this machine were marked with *) or JEOL JNM-LA300 
FT-NMR). The infra-red absorption spectrum of the test compound was obtained with machines provided by Horiba 
Seisakusho (FT-200 or FT-720). The melting point of the test compound was measured with instruments provided by 
Mettler (FP80 or FP90). 
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(Example 1) 

Synthesis of 4-[2-[N-memyl-N-(4-isopropoxyph nyl)-amino]ethyl]-H2-phenylethyt)piperidin-4-oI 
5 <Step 1> Synthesis of 4Msopropoxyacetanilid 

[0184] To a solution of 4-isopropoxyaniline (151.6g) and triethylamirie (153.7 mL) in methylene chloride (1 L) was 
dropwise added, a solution of acetyl chloride (78.4 mL) in methylene chloride (200 mL) under ice-water cooling so that 
the internal temperature was kept at 10 - 15°C. The reaction mixture was stirred for 30 minutes while being cooled 
10 with ice-water, and then at room temperature for 60 minutes. The reaction mixture was poured into water, and then 
extracted with methylene chloride. The organic layer was washed with 1N hydrochloric acid and water in this order, 
and dried with anhydrous sodium sulfate, and the solvent was evaporated under a reduced pressure. Ether was added 
to the residue for crystallization to give the designated compound (191 .5g). 

15 <Step 2> Synthesis of N-methyM'-isopropoxyacetanilide 

[0185] Potassium hydroxide (71.7g) was suspended in dimethyl sulfoxide (160 mL), to which was added a solution 
in dimethyl sulfoxide (320 mL) of the compound (161.5g) obtained through Step 1, and the mixture was stirred at room 
temperature for 20 minutes, and then at 50°C for 30 minutes under nitrogen atmosphere. To the mixture was dropwise 
20 added under ice-water cooling methyl iodide (62.2 mL), and the mixture was stirred at the same temperature for 10 
minutes, at room temperature for 3 hours and at 35 - 40°C for 1.5 hours. This reaction mixture was poure^into ice- 
water, and extracted with ethyl acetate. The organic layer was washed with water and saturated aqueous solution of 
salt in this order, and was dried with anhydrous sodium sulfate. The solvent was evaporated under a reduced pressure, 
to give the designated compound (166.1g). 



25 



<Step 3> Synthesis of N-methyJ-N-(4-isopropoxyphen 



[0186] To a solution in anhydrous tetrahydrofuran (300 mL) of lithium diisopropylamide which had been prepared 
from diisopropylamine (44.3 mL) and n-butyllithium (1.6M solution in hexane, 196 mL), was added a solution in anhy- 

30 drous tetrahydrofuran (100 mL) of the compound (62.0g) obtained through Step 2 at -25 to -20°C, and the mixture was 
stirred at -25°C for 30 minutes. Then, to the mixture was added a solution of 1-benzylpiperidin-4-one (56.6g) in.anhy- 
drous tetrahydrofuran (100 mL) at -25 to -20°C, and the reaction mixture was stirred at -25°C for 10 minutes. The 
reaction vessel was slowly warmed to room temperature, and the reaction mixture was poured into saturated aqueous 
solution of salt, and extracted with ethyl acetate. The organic layer was washed with saturated aqueous solution of 

35 salt, and dried with anhydrous sodium sulfate, and the solvent was evaporated under a reduced pressure. To the 
residue thus obtained was added ether for crystallization, to give the designated compound (83.8g). 

<Step 4> Synthesis of 1-benzyM-[2-[N-methy1-N-(4-fe^^ 

40 [0187] A solution In anhydrous tetrahydrofuran (300 mL) of the compound (76.6g) obtained through Step 3 was 
cooled with ice-water under nitrogen atmosphere, to which was added little by little a solution of borane-tetrahydrofuran 
complex in tetrahydrofuran (1 M, 800 mL), and the reaction mixture was stirred at the same temperature for 30 minutes 
and then at room temperature for 3 hours. To the mixture while being ice-water cooled, was added methanol (1 20 mL) 
little by little, which was followed by the addition of 10% hydrogen chloride-methanol solution (160 mL) to adjust the 

45 P H to 1 or less. Then, the mixture was heated under reflux for 2 hours. After cooling, the solvent was evaporated under 
a reduced pressure, and ether was added to the residue for crystallization. The crystals thus obtained were dissolved 
in 1N hydrochloric acid, and washed with ether. To the aqueous layer was added potassium carbona.te to adjust the 
pH to 9 or more, and extraction was performed by the addition of ethyl acetate. The organic layer was washed with 
saturated aqueous solution of salt, and dried with anhydrous sodium sulfate, and the solvent was evaporated under a 

50 reduced pressure, to give the designated compound (71 .3g). 

<Step 5> Synthesis of 4^2-[N-methyl-N-(4-isopropoxyphenyl)amino]ethy0piperidin-4-ol 

[01 88] To a solution In methanol (335 mL) of the compound (67.0g) obtained through Step 4 were added formic acid 
55 (39 6 mL) and 10% palladium on carbon (3.35g), and th mixture was heated under reflux under nitrogen atmosphere 
for 3 hours Then, formic acid (19.8 mL) and 10% palladium on carbon (3.35g) were added anew, and the mixture was 
heated under reflux for further 2 hours. Th catalyst was filtered off by the passag through celite, and to the filtrate 
were added formic acid (19.8 mL) and 10% palladium on carbon (3.35g), and the mixture was heated under reflux for 
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2 hours. After cooling, the catalyst was removed by filtration, and to th filtrate was added under ice-water cooling 5N 
aqueous solution of sodium hydroxide (315 mL) which was followed by th addition of saturated aqueous solution of 
sodium hydrogen carbonate to adjust the pH to 9 or more. The mixture was cond nsed to dryness under a reduced 
pressure. To the residue was added methylen chloride, and the mixture was stirred overnight. To the mixture was 
added anhydrous sodium sulfate, and the mixture was stirred, and then removed of insoluble saft by filtration, and the 
filtrate was condensed to dryness under a reduced pressure. The residue thus obtained was submitted to silica gel 
column chromatography (Chromatorex NH™) (eluent; hexane : ethyl acetate = 1 : 2 to ethyl acetate : methanol = 8 • 
2) for purification, to give the designated compound (33.4g). 

<Step 6> Synthesis of 4-r2-[N^ethyl-N-(4-isopropoxyphenyl)-amino]ethyl]-1-(2-phenvlethy0piperidirv4K)l 

[0189] To a solution in anhydrous methylene chloride (130 mL) of the compound (3.7g) obtained through Step 5 were 
added under ice-water cooling a solution of 50% phenylacetaldehyde in 2-propanol (6.1g). acetic acid (2 6 mL) and 
sodium triacetoxyborohydride (10.7g). and the mixture was stirred under argon atmosphere for 1 hour After being 
stirred at room temperature for further 2 hours, the reaction mixture received the addition of saturated aqueous solution 
of sodium hydrogen carbonate until it became basic, and extraction was performed through the addition of methylene 
chlonde. The organic layer was washed with water, and extracted with dil. hydrochloric acid. Then, the aqueous layer 
was washed with ethyl acetate, and received the addition of 1N aqueous solution of sodium hydroxide until it became 
basic, and extraction was performed through the addition of ethyl acetate. The organic layer was washed with saturated 
aqueous solution of salt, and dried with anhydrous sodium sulfate, and the solvent was evaporated under a reduced 
pressure. The residue thus obtained was submitted to silica gel column chromatography (Chromatorex NH™) (eluent 
ethyl acetate : hexane = 1:4) for purification, to give the designated compound (4.5g). 

[0190] The following compounds were synthesized as in Step 6 of Example 1, using the compound obtained through 
Step 5 of Example 1. . 

(Example 2) 

1-[2-(4-cyanophenyl)ethyl].4l2-[N-meto 
(Example 3) 

H2-[4-(methoxyrarbonyl)pheny^ 
(Example 4) 



H2-[4-(ethoxycarbon^^ 
(Example 5) 

4-[2-[N-methyl-N^4-isoprop^ 
(Example 6) 

Synthesis of H2-(4-fluorophenyl)ethyq^ 

[0191] To a solution in anhydrous dimethylformamide (5 mL) of the compound obtained through Step 5 of Example 
1 (0.29g) were added 4-fluorophenethyl chloride (0.24g), potassium carbonate (0.21g) and sodium iodide (0.04g) and 
the mixture was stirred at 70 to 80°C for 2 hours. The reaction mixture was poured into ice-water, to which was added 
a saturated aqueous solution of sodium hydrogen carbonate, and the mixture was extracted with ethyl acetate. The 
organic layer was washed with water and saturated aqueous solution of salt, and dried with anhydrous sodium sulfat , 
and the solvent was evaporated under a reduced pressure. The residue thus obtained was submitted to silica gel 
column chromatography (Chromatorex NH™) (eluent; ethyl acetate : hexane = 1 : 4 to 1 : 3) for purification to giv 
the designated compound (0.27g). ' 
[0192] The following compounds were synthesized by the same steps as in Example 6. 
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(Example 7) 

4-[2-[N-rrwthy^4-isopropoxyphOT^ 
(Example 8) 

1^2^3^yanophenyl)ethyn^H2HN^ethyl-N-(4-isopropoxyphenyl)amino]ethynpiperidin-4-ol 
(Example 9) 

Synthesis of 1-[2-(3-fluorophenyl)ethyl]-H2-[N-methyi-N^ 
<Step 1> 

Synthesis of 1-(3-fluorophenyl)acetyW-[2-[N-me^ 

[0193] To a solution in anhydrous methylene chloride (5 mL) of the compound (0.50g) obtained through Step 5 of 
Example 1 and 3-fluorophenylacetic acid (0.29g) was added 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydro- 
chloride (0.36g). and the mixture was stirred at room temperature overnight. The reaction mixture received the addition 
of water and was extracted with methylene chloride. The organic layer was washed with saturated aqueous solution 
of sodium hydrogen carbonate, and dried with anhydrous sodium sulfate, and the solvent was evaporated, under a 
reduced pressure. The residue thus obtained was submitted to silica gel column chromatography (Chromatorex NH ) 
(eluent; ethyl acetate : hexane = 1 : 4 to ethyl acetate) for purification, to give the designated compound (0.52g). 

<Step 2> Synthesis of i-[2K3-fluorophenyl)ethylHH2-^ 

10194] To a solution in anhydrous tetrahydrofuran (9 mL) of the compound (0.51 g) obtained through Step 1 was 
added borane-methyl sulfide complex (10M, 0.7 mL). and the mixture was heated under reflux for 2 hours. Then, 
methanol (3 mL) and 10% hydrogen chloride-methanol solution (5 mL) was added, and the mixture was heated under 
reflux for 3 hours. After cooling, the solvent was evaporated under a reduced pressure, to which was added saturated 
aqueous solution of sodium hydrogen carbonate to make basic, and the mixture was extracted with ethyl acetate. Th 
organic layer was washed with saturated aqueous solution of salt, and dried with anhydrous sodium sulfate and the 
solvent was evaporated under a reduced pressure. The residue thus obtained was submitted to silica gel column 
chromatography (Chromatorex NH~)(eluent; ethyl acetate : hexane = 1 : 3 to ethyl acetate) for purification, to grv 
the designated compound (0.44g). 

[0195] The following compounds were synthesized by the same steps as in Step 1 and Step 2 of Example 9 above. 
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(Example 10) 

H2-(2-fluorophenyl)ethylH-[2^^ 

<Step 1> 1^2-fluorophenyl)acetyl^2^N-methyl-N^4-Isopropoxyphenyl)amino]eth^^ 
<Step 2> 1K2-(2-fluorophenyl)ethy0^2^N-methyl-N-(4-isopropoxyphenyl)amino 
(Example 11) 

1 -[2-(4^hlorophenyl)ethy0^42-[N^ 

<Step 1 > 1 ^4^!orophenyl)acetyM^2-[N-methyl^^ 

<Step 2> 1^2-(4-chlorophenyl)ethyn^^2^NHTiethyl-N-(4-isopropoxyphenyl)amino]eth 
(Example 12) 

1-[2-(3^hlorophenyl)ethyQ^-[2-[N-^^ 

<Step 1 > 1 ^3^loropheny!)acetyM-[2-[N-methyl-N-(4-isopropoxyphenyl)amlno]ethyl]pip ^ 
<Step 2> H2-(3^!orophenyl)ethy!H^2-[N^ 
(Example 13) 

1-[2-(2K;hlorophenyI)ethyQ^2-[N-™^ 

<Step 1 > 1^2^lorcpheny0a<^tyl^[2-[N-methyl-N-(4-isopiX)poxyphenyl)amln 
<Step 2> H2-(2<*!orophenyl)ethyq^2^N^ 
(Example 14) 

4-[2^N-methyl-N^4-isopropoxyphenyl)amino]ethyn-1-[244-(tri^ 

<Step 1 > 4-[2-[N-methyl-N-(4-isopropoxyphenyl)amfno]ethyl]-1 -[[4^trifluoromethyl)phenyl]acetyQpiperidin-4-q| 
<Step 2> 4^2^N-methyl-NK4-lsopropoxyphenyl)amino]ethyl]-1-[2-[4-(trifluoromethyl)phen 
(Example 15) 

4-[2-[N-nrethyl-N^4-isopropoxyphen^ 
<Step 1 > 4^24N-methyl-N-(4-isopropoxypheny1)am^ 
<Step 2> 4^24N-methyl-N-(4-isopropoxyphenyl)amiro^ 
(Example 16) 

4-[2-[N-methyl-N^4-isopropoxyphenyI)amino^^ 

<Step 1 > 4-[24N-methyl-N-(4-isopropoxyphenyl)amino]ethyl]-1 -[[2-(trifIuoromethyl)phenyl]acety0piperidin-4-ol 
<Step 2> 4-{2-[N-methyl-N-(4-isopropoxyphenyl)amino]ethyl]-1 [2-[2- (trifluoromethyl)phenyl]ethyl]piperidin-4-ol 
(Example 17) 
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4-p-[N-methyl-N^4-isopropoxyphenyl)amino]ethyll-1-{2-(3-n 

<Step 1> 4-[2-[N-m thyl-N-(4-isopropoxyphenyl)am!no]ethyO-1-[(3-nitroph nyl)acetyl]piperidin-4-ol 
<Step 2> 4-[2-[N-m thyl-N-(4-isopropoxyphenyl)amino]ethyl]-1-[2-(3-nitroph nyl)ethy1]piperidin-4-ol 
(Example 18) 

4-[2-[N-meth^N^4-isopropox^ 

<Step 1> 4^24N-methyl-N-(4-isopropoxyphenyl)a^^^ 

<Step 2>4^2-[N-rnethyl-N-(4-isopropoxyphenyl)amino]ethyQ-1 

(Example 19) 

4-[2-[N-methyl-N^4-isopropoxyphen^ 

<Step 1 > 4-[2-[N-methyl-N-(4-isopropoxyphenyl)amlno]ethyG-1 -[(4-methylphenyl)acetyl]piperidin-4-ol 
<Step 2> 4^2-[N-methyl-N-(4-isopropoxyphenyl)amino]ethyO-1-[2-(4-methylphen^ 
(Example 20) 

4-[24N-methyl-M4-isopropoxyphOT^ 
<Step i>4^2-[N-methyl-N-(4~isopropoxyphenyl)am 
<Step 2> 4H2HN-methyl-N-(4-isopropoxyphe^ 
(Example 21) 

4-[2-[N-methyl-N^4-isopropoxyp^ 
<Step 1 > 4H2-[N-methyl-N-(4-isopropoxypheny1^ 
<Step 2> 4^2-[N-methyl-N-(4-isopropoxyphenyO^ 
(Example 22) 

1-[2-(4^rorTK>phenyl)ethyn^[2-^ 

<Step 1 > H4-bromophenyl)acetyl^[2-[N-methyl-N-(4-isopropoxyph 
<Step 2> i^2-(4-brom6phenyl)ethylHH2-[N^ 
(Example 23) 

H2-(34>romopheny0ethy0^-[24N-met^ 

<Step 1> H3-bromophenyl)acetyM-[2-[N-met^ piperidii>4-ol 
<Step 2> H2-(3-bromophenyl)ethy0^24NHnethyl-N-(4-isoproppxyph 
(Example 24) 

1-[2-(245romophenyl)ethyl]-4-[2-[N-methyl-N-(4-lsopropoxyph nyl)amino]ethyl]piperidin-4-ol 
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<Step 1> H2-bror™>phenvl)acetyM-[2-[NHTieth^ 
<Step 2> 1 ^2-(2-bromophenyl)ethylH12-[N^ 
(Exampl 25) 

4-[2-[N-methyI-N-(4-isopropoxyphenyl)amino]ethyll-1- [2-(4-trifluoromethoxyphenyI)ethyI]piperidin-4-ol 
<Step 1 > 4-[2-[N-methyl-N-(4-isopropoxyphenyl)amino]ettiyl]-1 -[(4-trifluoromethoxyphenyI)acetyl]piperidin-4-ol 
<Step 2> 4«{2-[N-methyl-N-(4-isopropoxyphenyl)amino]ethyl]-H2- (4-trifluoromethoxyphenyl)ethyl]piperidin-4-ol 
(Example 26) 

442-[N-methyl-N^4-isopropoxyphenyl)amino]ethyl]-1-[2-[4-(methylthio)phe 

<Step 1 > 4-[2-[N-methyl-N-(4-isoprppoxyphenyl)amino]ethyI]-1 -[[4^methylthio)phenyQacetyOpiperidirt4-ol 
<Step 2> 4^2-[N-methyt-N^4-isopropoxyphOT 
(Example 27) 

442-[N-methyl-N^4-isopropoxyphenyl)am!no]eth^ 

<Step 1 > 4-{2-[N-methyI-N-(4-f sopropoxyphenyl)amino]ethyl]-1 ^(4-methylsulfonylphenyl)acetyl]piperidin-4-oI 
<Step 2> 4^2-[N-methyl-N-(4-isopropoxyphenyl)^^ 
(Example 28) 

4-[2-[N-methyl-N^4-isopropoxyphenyl)amino]ethy^ 
<Step 1 > 4^2-[N-methyt-N-(4-isopropoxyphen^ 

<Step 2> 4-[2-[N-methyl-N-(4-isopropoxyphenyl)amino]ethyl]-1 -[2-(4-sulfamoylph enyi)ethyl]piperidin-4-ol 
(Example 29) 

Synthesis of 1 ^2-(4^yanophenyl)ethyn^^2-[N^ethyl-N^-lsopropoxyphenyl)amino]ethyl]plp^ 

[0196] To a solution In anhydrous dimethylformamide (50 mL) of the compound (9.8g) obtained through Step 2 of 
Example 22 was added copper cyanide (!) (2.46g), and the mixture was heated under reflux for 9 hours under nitrogen 
atmosphere. The reaction mixture was cooled to room temperature, to which was added 28% aqueous solution of 
ammonia (300 mL), and the mixture was extracted with ethyl acetate. The organic layer was stirred at room temperature 
for 30 minutes and then washed with 28% aqueous solution of ammonia, water and saturated aqueous solution of salt 
in this order, and dried with anhydrous sodium sulfate, and the solvent was evaporated under a reduced pressure. The 
residue thus obtained was submitted to silica gel column chromatography (Chromatorex NH™) (eluent; ethyl acetate : 
hexane = 1 : 3 to 1 : 2) for purification, to give the designated compound (4.2g). 
[01 97] The following compounds were synthesized as in Example 29. 
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(Example 30) 

1-[2-(2^yanophenyl)ethyq^2^ 
(Example 31) 

Synthesis of 1^4-caiboxypheiiy^^ 

[0198] To a solution In methanol (20 mL) of the compound (1 .5g) obtained through Example 3 was added an aqueous 
solution (3 mL) of sodium hydroxide (0.26g), and the mixture was heated under reflux for 1 hour. The reaction mixture 
was cooled to room temperature, and condensed to dryness. The residue thus obtained was dissolved in water (10 
mL). The solution had its pH adjusted to pH5 with cone, hydrochloric acid, and was extracted with methylene chloride. 
The organic layer was washed with saturated aqueous solution of salt, dried with anhydrous sodium sulfate, and had 
its solvent eliminated through evaporation under a reduced pressure to give the designated compound (1.46g). 



(Example 32) 

Synthesis of l-[2-(4^arbamoylphenyl)ethyq-4-[2-[N-^^ 

[0199] The compound (0.77g) obtained in Example 31 and 1-hydroxybenzotriazole (0.28g) were dissolved in dim th- 
ylformamide (5.4 mL), to which was added under ice-water cooling 1^thyl-3-(3"dimethylaminopropyl)car^pdiimid 
hydrochloride (0.5g), and the mixture was stirred for 2 hours at room temperature. Then, to the mixture was added 
under ice-water cooling 28% aqueous solution of ammonia (1.06g), and the mixture was stirred for 1.5 hours at room 
temperature. The mixture received the addition of saturated aqueous solution of sodium hydrogencarbonate while 
being cooled with ice-water, and extracted with ethyl acetate. The organic layer was washed with water and saturated 
aqueous solution of salt, dried with anhydrous sodium sulfate, and had its solvent eliminated through evaporation under 
a reduced pressure. The residue thus obtained received the addition of ether for crystallization, to give the designated 
compound (0.45g). 

[0200] The following compound was synthesized as in Example 32. 
(Example 33) 

1-[2-(4KJimethylc»rbarTK>y^ 
(Example 34) 

Synthesis of i-[2-(4-acetylphenyl)ethyl]^[2HN-^ 

[0201] To a solution in ether (1M, 10.7 mL) of methyl lithium was added dropwise under ice-water cooling a solution 
in anhydrous tetrahydrofuran (9 mL) of the compound (0.9g) obtained in Example 2, and the mixture was stirred for 
55 minutes under ice-water cooling. Then, the reaction mixture received the addition of sulfuric acid (3M, 4.3 mL) whil 
being cooled with ice water, and was stirred at room temperature for 20 minutes. The reaction mixture was made 
alkaline through the addition of saturated aqueous solution of sodium hydrogencarbonate, and extracted with ethyl 
acetate The organic layer was washed with saturated aqueous solution of salt, and dried with anhydrous sodium 
sulfate and the solvent was evaporated under a reduced pressure. The residue thus obtained was submitted to silica 
gel column chromatography (eluent; methylene chloride : methanol = 95 : 5) for purification, to give the designated 
compound (0.6g). 

(Example 35) 

Synthesis of 1-[2-(4-fluorophen^ 

<Step 1> Synthesis of 1-(4-fluoroberuoylmethyl)-4-[2-[N^^ 

[0202] The compound (0.8g) obtained through Step 5 of Example 1 and 2-bromo-4'-fiuoroacetophenone (0.64g) 
were dissolved in anhydrous tetrahydrofuran (10 mL), to which was added triethylamin (0.29g) whil being cooled 
with ice water and th mixture was stirred for 1 hour. The mixtur was then stirred at room temperature for 5 hours. 
Then themixturer ceived the addition of satu rated aqu ous solution of sodium hydrogencarbonat .and was extracted 
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with ethyl acetat . The organic layer was washed with saturated aqueous solution of salt, dried with anhydrous sodium 
sulfate, and had its solvent eliminated through evaporation under a reduced pressure. The residue thus obtained was 
submitted to silica gel column chromatography (Chromatorex NH™) (eluent; ethyl acetate • hexane = 1 • 2 to 1 • « for 
purification, to give the designat d compound (0.26g). - e ane . * to . i; ror 

[0203] To a solution in methanol (2 mL) of the compound (0.24g) obtained through Step 1 above was added under 
ice-water cooling sodium borohydride (21 mg), and the mixture was stirred for 3 hours. Then, the mixture received the 
addition of water, and was extracted with ethyl acetate. The organic layer was washed with saturated aqueous solution 
of satt, dned with anhydrous sodium sulfate, and had its solvent eliminated through evaporation under a reduced 
pressure. The residue thus obtained was submitted to silica gel column chromatography (eluent; ethyl acetate : hexane 
= 1 : 2 to 2 : 3) for purification, to give the designated compound (0.16g). 

10204] The following compounds were synthesized by processing the compound obtained through Step 5 of Examole 
1 as in Step 6 of Example 1. . f 

(Example 36) ' - 

1-(2-(3-faryl)ethyl]-4-[2-[N-methyl-N-(4-isopropoxyphenyl)arriino]ethy0pip^ 
(Example 37) 

Synthesis of 1-[2-(2-faryl)ethyiHK2-[N-meth^ 
<Step 1> Synthesis of 1-(2-fary1)acetvl-4-p-{N-r^ 

[0205] Processing the compound (1 .35g) obtained through Step 5 of Example 1 and 2-furylacetlc acid (0 64crt as in 
Step 1 of Example 9 gave the designated compound (1 .06g). 

<Step 2> Synthesis of H2-(2-faryl)ethvQ^[2-[r^e^ 

[0206] Processing the compound (0.98g) obtained through Step 1 , as in Step 4 of Example 1 gave the designated 
compound (0.43g). 

[0207] Synthesis of the following compounds was achieved by employing processes similar to Steps 1 and 2 of 
Example 37. K . 
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(Example 38) 
4-p-[N-methyW^4^ 

<St p 1>4-[2-[N-methyl-N-(4-lsopropoxyph nyl)amino]ethyi]-1-[(2-thienyl)acetyqpiperidin-4-ol 
<Step 2>4H2-[N-methyl-NK4-isopropoxyphen^ 
(Example 39) 

4-[2-[N-methyl-NK4-isopropoxyphenyl)amino]ethylH 
<Step 1 > 4^2-[N-methyl-N^4-isopropoxyphenyl)amiro^^ 
<Step 2> 4H2-[N-memyl-N-(4-isopropoxyphenyl)am 
(Example 40) 

1^2-(4^ethoxyphenyl)ethyQ^[2-[N-methyl-^ 
<Step 1> l^4-methoxypheny0acetyl-4T[2-[N-meth^ 
<Step2> i^2-{4-metnoxypnenyl)ethvl]^HN.fl^^ 
(Example 41) 

1-p-[4Ho1methylamlno)phenvqetny^^ 

<Step 1 > 1-(4^dimethylamino)phenyl]acety1^[2-[NHT»^ 

<Step 2> 1-{2-[4-(dimethylamino)phenyl]ethyl]-4-[2-[N-methyl-N- (4-isopropoxyphenyl)amlno]ethyl]plperidln-4-ol 
(Example 42) 

Synthesis of l-[2K4<yanophenyl)ethyl]^2-[N^4^moxyphenylVN-methylamino]ethyqpiperidin-4^ 

<Step 1> Synthesis of N^4^thoxyphenyl)-N-methyl-2H1-beriryl^hydroxypiperidin^-yl)ac»tamide 

[0208] A solution in anhydrous tetrahydrofuran (30 mL) of ^-ethoxy-N-methylacetanilide (0.97g) which had been 
obtained by the method similar to Steps 1 and 2 of Example 1 . was cooled to -78°C under argon atmosphere, to which 
was added lithium hexamethyldisilazide (1M solution in tetrahydrofuran. 6 mL) at -65°C or less, and the mixture was 
stirred at -78°C for 15 minutes. Next, the mixture received the addition of 1-benzylpiperidin-4-one (1.1g) at -65°C or 
iess and was stirred at -78°C for 10 minutes. The mixture was warmed to room temperature, to which was added 
water and the mixture was extracted with ethyl acetate. The organic layer was washed with water and saturated 
aqueous solution of salt, dried with anhydrous sodium sulfate, and had its solvent eliminated through evaporation under 
a reduced pressure. The residue thus obtained was recrystallized from hexane to give the designated compound 

(1.08Q).. 

<Step 2> Synthesis of 1-benzyl-4-l2-[N-(4-ethoxyphenyl)-N-methylamino]ethyl]piperidin-4-ol 

[0209] Processing the compound (6.0g) obtained through Step 1 above, as in Step 4 of Example 1 gave the desig- 
nated compound (5.58g). 

<Step 3> Synthesis of 4-[2-[N-(4-ethoxyphenyl)-N-methylamino]ethyl]piperidin-4-ol 

[0210] To a solution in methanol (270 mL) of the compound (5.48g) obtained by St p 2 above was added 10% 
palladium on carbon (0.55g). and the mixture was stirred at room temperature all day under hydrogen atmosphere. 
The catalyst was filtered off and the filtrate was condensed to dryness under a reduced pressure to give the designated 
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compound (4.1 Og). 

<Step 4> Synthesis of 1H2«4*yanophei^ thynpiperidin^ 

[021 1] Processing the compound (0.50g) obtained through Step 3 above and 4-cyanoohenvlacetaldehvde la Vn\ 
as in Step 6 of Example 1 gave the designated compound (0.54g). . ^ cyano P hen y ,aceta,den y de (° ^g). 

(Example 43) 

Synthesis of H2^arK>phenyl)ethy^^ 

<Step 1> N^ethyl-N^sopropoxvphenyl^l^eriz^ 

[0212] To a solution in anhydrous tetrahydrofuran (25 mL) of lithium diisopropylamide which had been oreoared from 
dusopropylaminc , (2.96g) and n-butyl.ithium (1.6M solution in hexane, 18.3 mL), was addJJnSSn*!^«S 
2E£tE3™* { }*7t* ° f ^^-^hylacetanilide (5.50g) which had b^JlE^^ 
s.m.lar to Steps 1 and 2 of Example 1. at -55°C or less, and the mixture was stirred at -78'C for 25 minutes AMMs 
THUS . ^ W3S add6d 8 S ° IUti0n in anh y drous tetrahydrofuran (15 mL) of 1H»m*£S5Io5 (5 £i 
EJE^T hAT ♦* mb ? re WaS Strred 31 " 78 ° C for 35 m,nutes - ™° mixture was J££te£!££K? 
to which was added water, and was extracted with ethyl acetate. The organic layerwas washed with wateT^^^^ 
aqueous solution of salt, dried with anhydrous sodium sulfate, and had its solvent removed through evapoSt^oS 
reduced pressure. The residue was recrystallized from ether-hexane to give the designated 

<Step 2> Synthesis of 1^nzyl^2-[N-methyl^-^ 

Se?cor^ S Kr m ^ Und (709> ° bt8fned throU9h ^ 1 8bOVe ' 38 ,n St6p 4 ° f B -"*, 1 ^ a * a 
<Step 3> Synthesis of 4^HN^ethyl-r^(3-isopropoxyphenyl)^mino]ethyGpiperidin-i<l 

5SSf co^u^T6lgT pound (6 09) obtained ^ step 2 above - as ln step 3 * 42 sa - *• **- 

<Step 4> Synthesis of ^^yarx^enyOethyW 

[0215] Preceding the compound (0.50g) obtained through Step 3 above and 4-cyanophenylacetaldehvde ft) 50o> 
as in Step 6 of Example 1 gave the designated compound (0.57g) opnenyiaceiaiaenyde (0.50g). 

[0216] Synthesis of the following compounds were achieved by employing steps similar to Steps 1 to 4 of Example 43. 
(Example 44) 

1H2K4^anopheny0ethy0-4H2-^^ 

<Step1>N^ethyl^2^sopropoxy P henyO-2H14>enzyl^-hydroxypiperidin^yl)acetemlde 
<Step 2> 1^nzyl^-[2-[N^ethyl-N-(2^sopropoxyphenyl)-amino]ethyl]piperidin-4-ol 
<Step3>4^2-[N^myl-N-(2-iso P ropoxyphenyl)aminoHthyQpiperidin-4-ol 
<Step 4> H2^4^anophenyl)ethylM-[2-[N™^^ 
(Example 45) 

Synthesis of H2^4<yanophenyl)ethyl]^-[2-[N^4-lsopropoxyphenyl)amino]ethyl]piperidin-4-ol 
<Step 1> N-(4-isopropoxyphenyl)-2-(1-benzyl-4-hydroxypiperidin-4-yl)acetamide 

[0217] To a solution in anhydrous tetrahydrofuran (80 mL) of the compound obtained through Step 1 of Example 1 
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(8.0g) was added under ice-water cooling sodium hydride (60% dispersion in an oil, 1 .99g) under nitrogen atomosphere. 
and the mixture was stirred for 1 hour at the same temperatur . To the reaction mixture cooled to -50°C was added a 
solution In anhydrous tetrahydrofuran (80 mL) of lithium diisopropylamide which had been prepared from diisopro- 
pylamine (11.6 mL) and n-butyllithium (1.6M solution in hexane, 51.8 mL), and the mixture was stirred at -50 to -30°C 
for 1 hour. At this moment, a solution in anhydrous tetrahydrofuran (40 mL) of i-benzylpiperidin-4-one (7.83g) was 
added at -30°C, and the mixture was stirred at -30°C for 30 minutes, and for 2 hours under ice-wat r cooling. The 
mixture was poured into ice-water, and was extracted with ethyl acetate. The organic lay r was washed with water and 
saturated aqueous solution of salt in this order, dried with anhydrdus sodium sulfate, and had its solvent eliminated 
through evaporation under a reduced pressure. The residue thus obtained was submitted to silica gel column chroma- 
tography (eluent; methylene chloride : methanol = 90 : 10 to 75 : 25) for purification, to give the designated compound 
(10.3g). 

<Step 2> Synthesis of l4>enzyl-4-[2-[N^4-isopropoxyphenyl)-amino]ethynpiperidin-4^ 

[0218] Processing the compound (9.9g) obtained through Step 1 above, as In Step 4 of Example 1 gave the desig- 
nated compound (4.4g). <Step 3> Synthesis of 4-[2-[N-(4-isopropoxyphenyl)amino]-ethyl]piperidin-4-ol 
[0219] Processing the compound (4.3g) obtained through Step 2 above, as in Step 3 of Example 42 gave the des- 
ignated compound (3.2g). - 

<Step 4> Synthesis of 1-[2-(4-<^anophenyl)ethyl]^^ 

[0220] Processing the compound (0.50g) obtained through Step 3 above and 4-cyanophenylacetaldehyde (0.31g), 
as in Step 6 of Example 1 gave the designated compound (0.17g). 

(Example 46) 

Synthesis of i-[2-(4-cyanophenyl)ethyI]-4-[2-[N-methyl-N-(4-isopropoxyphenyl)amino]-1 -hydroxyethyl]piperidin-4-ol 
<Step 1> Synthesis of N^ethyl-N-(4-isopropoxypheny1)^ 

[0221] Processing 2-benzyloxy-4Msopropoxy-N-methylacetanilide (5.20g) as in Step 1 of Example 43 gave the des- 
ignated compound (7.35g). 

<Step 2> Synthesis of N-methyl-N-(4-isopropoxyphenyl>2-hyd 

[0222] To a solution in methanol (100 mL) of the compound (7.35g) obtained through Step 1 above were added 
ammonium formate (17.2g) and 10% palladium on carbon (1.04g), and the mixture was heated under reflux for 6.5 
hours. After cooling, the catalyst was filtered off, and the filtrate was condensed to dryness under a reduced pressure. 
The residue thus obtained Was submitted to silica gel column chromatography (Chromatorex NH™) (eluent; methylene 
chloride : methanol = 99 : 1 to 95 : 5) for purification, to give the designated compound (2.80g). 

<Step 3> Synthesis of 4-[2-[N-methyl-N-(4-isopropoxyphenyl)-aminoh1-hydroxyethyl]piperidin-4-ol 

[0223] Processing the compound (0.7g) obtained through Step 2 above, as in Step 4 of Example 1 gave the desig- 
nated compound (0.5g). 

<Step 4> Synthesis of l^2-(4-cyanophenyl)ethyl]-4-[2-[N-methyl-N-(4-isopropoxyphenyi)amino]-1-hydro 
piperidin-4-ol 

[0224] Processing the compound (0.40g) obtained through Step 3 above and 4-cyanophenylacetaldehyde (0.38g), 
as in Step 6 of Example 1 gave the designated compound (0.45g). 
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(Example 47) 

Synthesis of 1-[2^yanopheny.)ethy^ 
<Step 1> Synthesis of N^ethyl-N-^pro^^ 

[0225] Processing 1^ert ; btf oxycarbonylpiperidin-4-one (6.7g) and the compound (7.0g) obtained through Steo 2 of 
Example 1, as in Step 1 of Example 43 gave the designated compound (9.5g>; °°«'"ea mrougn step 2 of 

<Step 2> Synthesis of N-methyl-N-^rop^^ 

I0 ^ 2q T ° L 80 ^ 0 ? anhydrous dimethylformamide (80 mL) of the compound (8.50g) obtained through Steo 1 
above was added undence-water cooling sodium hydride (60% dispersion in an oil. 1 26g£and i rtd»?£!Xrf 
for 1 hour. TT,en the mixture received the addition of methyl iodide (1 .96 mL). and was s«rred for 15 ^te^and 5TS 

Z £ r00m t ? T ratUre f ° rftJrther 5 h ° Ure - The reaction mixture received ^ additfon of w^ter aXa^aSeS 
with ethyl acetate. The omanic layer was washed with water and saturated aqueous solution of saHn^ vSTanT- 
drous sod,um sulfate and had its solvent eliminated through evaporation under a reduced pressure T^* 

o^rifi'Son t SSS! t0 Si,i ^ 9e ' C0 ' Umn ch ™ n *W»V (eluent; methylene chloride'? ethyl aceSe^ 1 : iffor 
punfication to give the designated compound (5.22g). ' 

<Step 3> Synthesis of 4-methoxy^2-[N-memyl-N-(4-isopropoxyphenyl)amino]ethyl]piperidine 
ZTrtconZ^lZ™^ (4 79> ° btained thr ° U9h St6P 2 8bOV8 ' 88 " SteP 4 ° f EXam P' e 1 «""•*• Ceste- 
Sine SyntheSiS ° f H2 ^ an ° Ph ^^^ 

[0228] Processing the compound (0.50g) obtained through Step 3 above and 4-cyanophenvlacetaldehvda ?OA 7n \ ' 
as in Step 6 of Example 1 gave the designated compound (0.66g). ^anopnenylacetaldehyde (0.47g). 

(Example 48) 

Synthesis of H2^yanophenyl)ethyn^N^ 

<Step 1> Synthesis of 1-benzyl^N-methyl-N-(4-isopropoxyphenyl)aminomethyn P iperidin^ 

10229] To a solution in diethyl ether (70 mL) of 1-benzylpiperidin.4-spiro-2'-oxirane (3.45g) and hl-methyM-isoDrc- 
poxyaniline (3.37g) was added activated neutral aluminum oxide 90 (35g) (activity I Merck) ancUhe mbfcrt ^SSS 
at room temperature overnight. The reaction mixture received the adXn of me hanof^ S^TSSSS 
room temperaturefor3.5 hours. The reaction mixture was filtered and the filtrate was 

reduced pressure. The residue thus obtained was submitted to silica gel column chromatography S£2KSL) 
for punfication. to give the designated compound (2.43g). 1 ' * acetate) 

<Step 2> Synthesis of 4-[N-rnethyl-N-(4-isopropoxyphenyl)-aminomethyl]piperidin-4-ol 

(2409) ° btained thr ° U9h SteP 1 abOVe ' 88 in St6P 3 ° f ^ve the 

<Step 3> Synthesis of 1^4^anophenyl)ethylH-[N^ e thyl-N-(4-isopropoxyphenyl)aminomethyQ P iperi 

[0231] Processing the compound (0.50g) obtained through Step 2 above and 4-cyanophenylacetaldehyde (0 52a) 
as in Step 6 of Example 1 gave the designated compound (0.62g). «*ceiaiaenyae (U.{*g). 
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(Example 49) 

Synthesis of 1-[2-(4-cyanophenyl) thyq^^24N^ethyl-N-(4-isopropoxyphenyl)amino]ethyQpiperidin-4^ 

<Step 1> Synthesis of N-methyl-N-(4-isopropoxyphenyl)-2-[1-[2-^^ 
acetamid 

[0232] Processing the compound obtained through Step 2 of Example 1 and 1-[2-(4-cyanophenyl)ethyQ-piperidin- 
4~one, as in Step 1 of Example 43 gave the designated compound. 

<Step 2> Synthesis of 1-[2-(4-cyanopheny1)ethyn-4-[2-[N-methyl^^ 

[0233] To a solution in anhydrous tetrahydroturan of the compound obtained through Step 1 above was added under 
ice-water cooling borane-methyl sulfide complex, and the mixture was stirred at the same temperature for 4 hours. 
The mixture received the addition of methanol and 10% hydrogen chloride in methanol, and was heated under reflux 
for 30 minutes. After cooling, the solvent was evaporated under a reduced pressure; saturated aqueous solution of 
sodium hydrogencarbonate was added to make the mixture alkaline; and the mixture was extracted with ethyl acetate. 
The organic layer was dried with anhydrous sodium sulfate, and had its solvent eliminated through evaporation under 
a reduced pressure. The residue thus obtained was submitted to silica gel column chromatography (Chromatorex 
NH™) (eluent; ethyl acetate : hexane = 1 : 2 to 1 : 1) for purification to give the designated compound. 

(Example 50) 

Preparation of 4-[24N-methyl-N^4-lsopropoxyphen dihydrochlorid 

[0234] To a solution in 2-propanol of the compound (4.5g) obtained through Step 6 of Example 1 was added 10% 
hydrogen chloride in methanol (40 mL), and the mixture had its solvent eliminated through evaporation under a reduced 
pressure. The residue thus obtained was crystallized through the addition of 2-propanol plus diethyl ether, and recrys- 
tallteed from 2-propanol, to give the designated compound (2.97g). 

[0235] The following hydrochlorides were obtained in the same manner as in Example 50. 
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(ExampI 51) 

1 42-(4Kyanophenyl)ethyQ^2^ dihydrochloride 
(Example 52) 

1-[2-[4^methoxycarbonyl^ 
dihydrochloride 

(Example 53) 

H2-[4-(ethoxycart>ony0ph 
dihydrochloride 

(Example 54) 

4-[2-[N-methyl-N^4-isopropoxyphenyl)am^ 
(Example 55) 

H2-(4-fluorophenyl)ethy0^2^ dihydrochloride 
(Example 56) 

4^N-methyl-N^4^sopropoxyphen^ dihydrochloride 

(Example 57) 

1-[2-(3K>yanophenyl)eto^ 

(Example 58) T 
1 -[2-(3-fluoropheny0ethyq^2-[N-meth^^ dihydrochloride 
(Example 59) 

1-[2-(2-fluorophenyl)ethyG^^ dihydrochloride 
(Example 60) 

1-[2-(4^h!orophenyl)ethyO^[2-[N^^ 
(Example 61) 

1-[2-(3K;hlorophenyl)ethyl]^[2-[N-m^ dihydrochloride 
(Example 62) 

1-[2-(2^hlorophenyDethyO^-[2-[N-meth^ dihydrochloride 
(Example 63) 

4-[2-[N-methyl-N^4-isopropo^ dihydrochloride 
(Example 64) 

4-[2-[N-methyl-N^4-isopropoxyphen^^ dihydrochloride 
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(Example 65) 

4-[2-[N-methyl-N^4-lsopropoxy^ dihydrochloride 
(Example 66) 

4-[2-[N-methy^N^4-isopropoxyphe^ dihydrochloride 
(Example 67) 

442-[N-methyl-NK4-1sopropoxyphen^^ 
(Example 68) 

4424N-methyl-N^4-isopropoxyphenyl)ami^ 
(Example 69) 

4-[24N-methyl-N^4-isopropoxyph 

(Example 70) ^ 
4-[2-[N-methyLNK4-isopropoxyphen^^ 

(Example 71) 

1-[2^44>romophenyl)ethyq^[2-[N-meto^^ dihydrochloride 
(Example 72) 

1 -[2^34>romophenyl)ethyO^(2-[N^ dihydrochloride 
(Example 73) 

1-[2^24>ronK>phenyl)ethyO^[2-[N-^ dihydrochloride 
(Example 74) 

4-[2-[N-methyl-N^4-isopropoxyphenyl)amino]elhyll-1-[2-(4-trifl 
dihydrochloride 

(Example 75) 

4-[2-[N-methyl-N^4-isopropoxyphenyi)am^ dihydrochlorid 
(Example 76) 

4-[2^N-methyl-N^4-isopropoxyphenyl)amino]ethyl]-1-[2-(4-methylsulfonylpheny^^ dihydrochloride 
(Example 77) 

4-[2-[N-methyl-N^4-isopropoxypheny1)am 
(Example 78) 

1- [2- (2-cyanoph nyl) ethyl] -4- [2- [N-methyl-N- (4.isopropoxyphenyl)amino]ethyllpiperidin-4-ol dihydrochloride 
(Example 79) 
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.1 

1-[2-(4K;art>oxyphe^ dihydrochloride 
(Example 80) 

1-[2-(4^arbamoylphenyl)ethy^ ridin-4~ol dihydrochloride 

(Example 81) 

1-[2-(4KJimethytert>anrx^ 
dihydrochloride 

(Example 82) 

H2-(4-acetylphenyl)ethyl]^[2^ dihydrochloride 
(Example 83) 

1-[2-(4-fluorophenyl^2-hydro^ 
dihydrochloride 

(Example 84) 

1- [2- (3-furyl) ethyl] -4- [2- [N-methyl-N- (4-isopropoxyphenyl)amino]ethyl]piperidin-4-ol dihydrochloride 
(Example 85) 

1-[2^2-furyl)ethyl]^(2-(^ dihydrochloride 
(Example 86) 

4-[2-[N-nrethyl-N^4-isopropox^ dihydrochloride 
(Example 87) 

4-[2-[N-methyl-N^4-isoprop 
(Example 88) 

1-[2-(4^methoxyphenyl)ethyG^-p^ 
(Example 89) 

1-[2-[4<nmethyIamino)phenyGethy^ 
(Example 90) 

1-[2-(4K;yanophenyl)ethylHl2^ dihydrochloride 
(Example 91) 

1-[2-(4^yanophenyl)ethylH^2^ 
(Example 92) 

1-[2-(4K:yanophenyl)ethyl]^H[24N^ethyl-N-(2-isopropoxyphenyl)amino]ethyQpiperi dihydrochlorid 
(Example 93) 
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1 -[2-(4-cyanophenyl) thyn^^24N^4-isopropoxyphenyl)amino]ethynpiperidin-4-cl dihydrochlorid 
(Example 94) 

H2-(4K;yanopheny»)ethyl]-4-[2-[N-methv^^^ 
dihydrochloride 

(Example 95) 

1-[2-(4K;yanophenyl)ethyiH-methoxy^ dihydrochlorid 
(Example 96) 

142-(4-cyanophenyl)ethylM-[N-methym dihydrochloride 
(Example 97) 

Preparation of 1-[2^4^anophenyl)ethyq^2-[^ 
dihydrobromlde 

[0236] To a solution In methanol (362 mL) of the compound (18.1 g) obtained in Example 2 was added 48% hydro- 
bromic acid (9.71 mL), and the solvent was evaporated under a reduced pressure. The residue thus obtained was 
crystallized through the addition of ethanol plus diethyl ether, and recrystaliized from ethanol. to give the designated 
compound (21. 7g). 

(Example 98) 

Preparation of l-[2^4^anophenyl)ethyn^2-[r^ dimaleat 

[0237] To a solution in methanol of the compound (16.1g) obtained in Example 2 was added maleic acid (8.87g), 
and the solvent was evaporated under reduced pressure. The residue thus obtained was crystallized through th 
addition of diethyl ether, and recrystaliized twice from 2-propanol, to give the designated compound (18.4g). 

(Example 99) 

Preparation of H2^4^anophenyl)ethyn^24r^meth^ 
dibenzenesulfonate 

[0238] To a solution in methanol of the compound (14.3 g) obtained in Example 2 was added benzenesulfonic acid 
monohydrate (12.0g), and the solvent was evaporated under a reduced pressure. The residue thus obtained was 
crystallized through the addition of diethyl ether, and recrystaliized twice from 2-propanol, to give the designated com- 
pound (21.0g). 

[0239] The characteristics data of the compounds of Examples 1-51 , 55, 84, 86, 90, 93, and 96-99 are listed in Tabl 
5. In the table, for example, Example No. 1-1 refers to Step 1 of Example 1. It should be noted here that in the table, 
for example, with regard to an example comprising two steps (Steps 1 and 2), the product obtained by Step 1 is not 
included in the compound of Formula (I), because it serves as an intermediate for the production of the compound of 
Step 2. 



Table 5 



Example No. 


I R (cnr 1 ) 


NMR (ppm) (no mark: 300Hz f *: 
270MHz) 


melting point (°C) 


1-1 




CDCI 3 : 7.36(2H, d, J=9HZ), 7. 15 
(1H. br. s), 6.84(2H, d, J=9Hz), 
4.57-4.31 (1H, m). 2.15(3H, s), 
1.32(6H,d,J=6Hz) 
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Table 5 (continued) 





Example No. 


I R (cnri) 


N M R (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) I 


5 


1-2 




CDCI 3 : 7.07(2H, d, J=9Hz), 6.89 
(2H, d, J=9Hz) , 4.62-4.47(1 H, m), 
3.23(3H, s), 1.86(3H, s), 1.36(6H, 
d, J=6Hz) 




10 
15 


1-3 




CDCI 3 : 7.37-7.20(5H, m), 7.01 (2H, 
d, J=9Hz). 6.88(2H, d, J=9Hz), 
5.26(1 H, s), 4.62-4.49(1 H, m). 
3.47(2H, s), 3.23(3H, s), 2.58-2.49 
(2H, m), 2.39(2H, ddd, J=11, 11, 
2Hz), 2.17(2H,s), 1.71-1.61(2H, 
m), 1 ,45-1.31(2H, m), 1 .37 (6H, d. 
J=6Hz) 




20 


1-4 




CDCI 3 : 7.38-7.22(5H, m), 6.86(2H, 
d, J=9Hz), 6.82(2H, d, J=9Hz), 
4.50-4.34(1 H, m), 3.54(2H, s), 
3.29(2H, t, J=7Hz), 2.78(3H, s), 
2.67-2.59 (2H, m), 2. 46-2. 34 (2H, 
m), 1.73-1.62(6H, m), 1.30(6H, d, 
J=6Hz) 




25 
30 


1-5 




CDCI 3 *: 6.88 (2H, d, J=9Hz), 6.83 
(2H, d, J=9Hz), 4.50-4.36(1 H, m), 
3.30(2H, t, J=7Hz), 3.00(2H, ddd. 
J=12, 12, 3Hz), 2.84(2H, ddd, 
J=12, 4, 4Hz), 2.78(3H, s), 
1.75-1.48 (6H, m), 1.31 (6H, d, 
J=6Hz) 




35 
40 


1-6 


liquid film: 2974, 1510, 1238. 1115 


CDCU: 7.32-7.16(5H. m). 6 8912H 
d, J=9Hz), 6.84(2H, d. J=9Hz). 
4.50-4.37(1 H, m), 4.01 (1H, br. s), 
3.30(2H, t, J=7Hz), 2.88-2.69(4H, 
m), 2.79(3H, s), 2. 67-2.58(2H, m), 
2.46(2H, ddd, J=11, 11, 3Hz), 
1.78-1.60(6H, m), 1.31 (6H, d. 
J=6Hz) 


nil 
Oil 


45 


2 


KBn 2979, 2937, 2227, 1512, 
1238, 1124, 1093 


CDCU*: 7.57(2H, d, J=8Hz) 7 31 i 
(2H, d, J=8Hz), 6.89(2H, d, 
J=9Hz), 6.84(2H, d, J=9Hz), 
4.50-4.36(1 H, m), 3.30(2H, t, 
J=6Hz), 2.92-2.80(2H, m), 2.78 
(3H, s), 2.76-2.56(4H, m), 2.45 
(2H,ddd,J=11, 11, 3Hz), 1.78-1.50 
(6H, m), 1.31(6H, d. J=6Hz) 


fin 9 


50 
55 


3 


KBr: 1718, 1514, 1277, 1242, 
1111 


CDCI 3 : 7.96(2H, d, J=8Hz), 7.28 
(2H, d, J=8Hz), 6.90(2H, d, 
J=9Hz), 6.83(2H. d, J=9Hz), 
4.50-4.38(1 H, m), 3.90(3H, s), 
3.30(2H, t, J=7Hz), 2.93-2.40(8H, 
m), 2.78(3H, s), 1 .80-1 .60 (6H, m), 
1.31(6H, d. J=6Hz) 


85.8-87.4 
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Table 5 (continued) 



10 



Exampl No. 


I R (cm-1) 


N M R (ppm) (no mark: 3 00 Hz, *: 
270MHz) 


melting point (°C) I 


4 


KBr 1711. 1514. 1279. 1240. 
1109 


CDCI 3 : 7.96(2H. d. J=8Hz). 7.27 
(2H. d. J=8Hz), 6.89(2H. d, 
J=9Hz), 6.84(2H. d. J=9Hz), 
a «;n_4 H m\ 4 36(2H a. 
J=7Hz), 3.30(2H, t, J=7Hz). 
2.92-2.60(6H, m) f 2.79(3H, s), 
2.46(2H, ddd, J=11, 11. 3Hz) t 
1.78-1.58(6H, m), 1.39(3H;t, 
J=7Hz) f 1.31(6H. d, J=6Hz) 


54.4-56.0 


5 


liquid film: 2937, 1512. 1371. 
1238. 1114. 1088 


CDCI3*: 7.56(2H, d. J=7Hz), 7.37 
(2H, d, J=7Hz), 6.89(2H f d, 
J=9Hz), 6.83(2H, d. J=9Hz), 
a <;n^l ?fiMH m^ 3 30f2H t. 
J=6Hz), 2.92-2.82(1 H, 92-2.82 
(1H f m), 2.78(3H f 78 (3H, s), 
2.76-2.56(4H, m), 2.71 (3H. s). 
2.53-2.39(2H, m), 1.80-1.52(6H. 
m).1.31(6H,d, J=6Hz) 


oil 


6 


KBr. 1512. 1238. 1215. 1117, 
1093 


CDCI 3 : 7.15(2H, dd, J=9, 5Hz), 
6.96(2H. dd, J=9, 9Hz), 6.89(2H. 
d, J=9Hz), 6.83(2H, d. J=9Hz), 
A*W»d^7MH m\ 4 03MH sV 
3.30(2H, t, J=7Hz). 2.83-2.67(4H f 
m), 2.78(3H, s), 2.63-2.55(2H, m), 
2.44(2H. ddd, J=11, 11. 3Hz). 
1.78-1.59(6H, m), 1.31(6H, d. 
J=6Hz) 


84.7-85.2 


7 


liquid film: 2937, 1514. 1344, 
1238. 1111 


CDCI3*: 8.14(2H, d, J=9Hz), 7.36 
(2H f d, J=9Hz) f 6.89(2H, d. 

i-ql| 7 \ a 04/9U H J=QHz^ 

4.50-4.36(1 H, m), 3.30(2H,t, 
J=7Hz), 2.96-2.86(2H. m). 2.78 
(3H, s). 2.75-2.60(4H t m) f 2.47 
(2H, ddd. J=11 . 1 1 . 3Hz), 1 .80-1 .50 
(6H, m), 1.31(6H, d. J=6Hz) 


dl _ | 


8 


liquid film: 2937. 2224. 1510. 
1238, 1115 


CDCI 3 : 7.52-7.35(4H. m), 6.90(2H. 
d. J=9Hz), 6.84(2H, d, J=9Hz) t 
4.50-4.37(1 H, m). 3.30(2H, t t 
J=7Hz), 2.90-2.56(6H, m), 2.79 
(3H. s), 2,45(2H. ddd, J=11. 11. 
3Hz) f 1.78-1.56(6H. m). 1.31(6H. 
d, J=6Hz) 


oil ~| 



50 



5$ 
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Table 5 (continued) 



Example No. 


I R (cm-1) 


N M R (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) 


9-1 




CDCI 3 : 7.32-7.23(1 H. m), 
7.05-6.90(5H, m), 6.84(2H, d, 
J=9Hz), 4.52^.34(2H, m), 3.73 
l^n, s;, J.b5-3.55(1H, in), 
3.49-3.37(1 H.m),3.23(2H.t, 
J=6Hz), 3.09(1H, ddd, J=13. 13, 
3Hz). 2.76(3H. s), 1.75-1.55 (4H. 
m), 1.44(1 H. ddd, J=13, 13, 5Hz), 
1.31(6H. d, J=6Hz), 1.21(1H. ddd, 
J=13, 13, 5 Hz) 




9-2 


liquid film: 2937. 1510 1240 111*; 


OUOI 3 . 7.28-7.18(1 H, m), 
7.01-6.78(7H, m), 4.50-4.37(1H, 
m), 4.05(1 H, br.s), 3.30(2H. t. 
J=7Hz). 2.87-2.58(6H, m), 2.78 
(3H, s), 2.46(2H, ddd. J=11, 11, 
3Hz), 1.80-1 .53(6H, m). 1.31(6H. 
d, J=6Hz) 


oil 


10-1 




CDa 3 *: 7.34-7.18(2H. m), 
7.13-7.00(2H, m), 6.92(2H, d, 
J=9Hz). 6.84(2H, d, J=9Hz). 
4.50-4.33(2H, m), 3.82-3.60(3H, 
m), 3.53-3.40(1 H, m), 3.24(2H, t, 
J=6Hz). 3.10(1H, ddd. J=13, 13, 
3Hz). 2.76(3H. s). 1.75-1 .22(6H, 
m), 1.31(6H, d. J=6Hz) 




10-2 


liquid film: 2937, 1510. 1493. 
1238, 1115 


CDCI 3 \- 7.25-7.13(2H. m). 
7.09-6.97(2H, m), 6.88(2H. d. 

1 f\1 1 \ A M it'll m _m ■ — . . _ 

J-9HZ), 6.84(2H, d, J=9Hz), 
4.5<M.36(1H, m), 3.94(1 H. br.s). 
3.30(2H. t. J=7Hz), 2.91-2.68(4H, 
m). 2.79(3H, s). 2.67-2.57(2H. m), 
2.48(2H. ddd, J-11, 11, 3Hz). 
1.78-1 .58(6H, m), 1.31(6H. d. 
J=6Hz) 


oil 


11-1 


- 


CDCI3*: 7.28(2H. d. J=8Hz), 7.19 
(2H, d, J=8Hz). 6.92(2H. d. I 
J=9Hz), 6.83(2H. d. J=9Hz), 4.89 
i1H, brjs), 4.52-4.30(2H, m), 3.69 
i2H, s), 3.65-3.54(1 H, m), 3.43 
(1H. ddd. J=13, 13. 3Hz). 3.23(2H, 
t, J=6Hz). 3.08(1 H, ddd, J=13. 13, 
3Hz). 2.75(3H, s), 1 .75-1 .50(4H. 
m), 1.42(1H. ddd. J=13, 13, 5Hz). 
1.31(6H.d, J=6Hz), 1.21(1H.ddd. 
J=13, 13, 4Hz) 


- 
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Table 5 (continued) 



Exampl No. 


1 R (cm-1) 


N M R (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) 


11-2 


KBn 2937, 1512, 1236, 1119, 
1093 


CDCI3*: 7.25(2H, d, J=8Hz), 7.13 
(2H, d, J=8Hz), 6.89(2H, d, 
J=9Hz), 6.83(2H, d. J=9Hz). 
4.50-4.36(1 H, m), 4.02(1 H, br.s). 
3.30(2H, t, J=7Hz), 2.85-2.64(4H, 
m), 2.78(3H, s), 2.63-2.53(2H. m), 
2.44(2H, ddd, J=11, 11, 3Hz), 
1.79-1.52(6H, m), 1.31(6H, d, 
J=6Hz) . 


92.1-94.0 


12-1 


- 


CDCI 3 : 7.28-7.11(4H, m), 6.92(2H, 
d, J=9Hz), 6.83(2H, d, J=9Hz). 
4.89(1 H. H, br, s), 4.52-4.35(2H, 
m), 3.71 (2H, s), 3.65-3.54(1 H, m), 
3.44(1 H. ddd, J=13, 13, 3Hz). 
3.26-3.20(2H, m), 3.09(1 H, ddd, 
J=13, 13, 3Hz), 2.75(3H, s). 
1.75-1.57(4H, m), 1.44(1H, ddd, 
J=13, 13, 5Hz), 1.31(6H, d, 
J=6Hz), 1.28-1.17(1H,m) 


- 


12-2 


liquid film: 2937, 1510, 1238, 1115 


CDCI3 : 7.24-7.14(3H, m), 
7.11-7.06(1 H, m), 6.89(2H, d, 
J=9Hz), 6.84(2H, d, J=9Hz), 
4.50-4.37(1 H, m), 3.30(2H, t, 
J=7Hz), 2.85-2.55(6H, m). 2.78 
(3H, s), 2.46(2H. ddd, J=11, 11, 
3Hz), 1.77-1.53(6H, m), 1.31(6H, 
d, J=6Hz) 


oil 


13-1 


- 


CDCI 3 :7.40-7.1 6(4H, m), 6.92(2H, 
d, J=9Hz), 6.84(2H, d, J=9Hz), 
4.84(1 H, br.s), 4.51-4.36(2H, m), 
3.85(1 H, d, J=16Hz), 3.80(1 H, d, 
J=16Hz), 3.65-3.55(1 H, m), 3.46 
(1H, ddd, J=13, 13. 3Hz). 
3.29-3.21 (2H, m), 3.12(1 H. ddd. 
J=13, 13. 3Hz), 2.76(3H, s), 
1.76-1.58(4H, m), 1.47(1H. ddd. 
J=13, 13, 5Hz), 1.35-1. 24(1 H, m), 
1.31(6H,d,J=6Hz) 


- 


13-2 


liquid film: 2937, 1510, 1238, 1113 


CDCI3 : 7.33(1 H, dd, J=7, 3Hz). 
7.26-7.10(3H, m), 6.89(2H. d, 
J=9Hz), 6.84(2H. d, J=9Hz), 
4.50-4.37(1 H. m), 3.31 (2H. t. 
J=7Hz), 3.00-2.92(2H, m), 
2.82-2.71 (2H, m). 2.79(3H, s), 
2.66-2.58(2H, m). 2.50(2H, ddd, 
J=11. 11,4Hz), 1.80-1 .60(6H,m). 
1.31(6H, d, J=6Hz) 


oil 
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Table 5 (continued) 



Example No. 


I I R (cm-1) 


N M R (ppm) (no mark: 300Hz, *: 
j 270MHz) 


melting point (°C) 


14-1 




CDCI 3 : 7.57(2H. d, J=8Hz), 7.37 
(2H, d, J=8Hz). 6.92(2H, d. 
J=9Hz), 6.83(2H. d. J=9Hz), 4.97 
(1H. br.s). 4.50-4.35(2H. m), 3.78 
(2H, s), 3.65-3.55(1 H. m), 3.45 
(1 H, ddd, J=13, 13, 2Hz), 3,23(2H. 
t, J=6Hz), 3.09(1H. ddd, J=13, 13, 
3Hz), 2.75(3H, s), 1.77-1 .55(4H, 
m), 1.43(1H, ddd, J=13, 13, 5Hz), 
1.31(6H, d. J=6Hz), 1.24(1H, ddd. 
J=13, 13, 5Hz) 






KBn 1510; 1327, 1236, 1159, 
1120 


CDCI 3 «: 7.53(2H, d, J=8Hz), 7.32 
(2H, d, J=8Hz), 6.89(2H, d, 
J=9Hz). 6.84(2H. d, J=9Hz), 
4.5CM.37(1 H, m), 4.08(1 H, br. s), 
3.30(2H, t, J=7Hz), 2.92-2.58(6H. 
m), 2.78(3H, s). 2.46(2H, ddd, 
J=11. 11, 3Hz). 1.80-1.52(6H. m). 
1.31(6H,d. J=6Hz) 


80.2-81.4 


15-1 




CDCI 3 : 7.54-7.42(4H, m), 6.92(2H. 
d. J=9Hz), 6.83(2H. d, J=9Hz), 
4.51-4.36(2H, m). 3.79(2H, 3). 
3.66-3.57(1 H. m). 3.46(1 H. ddd, 
J=13, 13, 3Hz), 3.26-3.20(1 H. m), 
3.09(1 H. ddd. J=13, 13, 3Hz).2.75 
(3H, s), 1.76-1.57(4H, m), 1.44 
(1H, ddd, J=13, 13.5Hz), 1.31(6H. 

d J=6Hz1 1 22MH rlrlii l-tt It 

5Hz) 




15-2 | 


liquid film: 2939, 1510, 1333, 1122 


CDCI 3 : 7.48-7.38(4H. m). 6.89(2H. 
d, J=9Hz). 6.84(2H. d, J=9Hz), 
4.50-4.38(1 H. m). 3.30(2H, t, 
J=7Hz). 2.92-2.41(8H, m), 2.79 
(3H. s), 1.78-1.55 (6H, m), 1.31 
(6H, d, J=6Hz) 


Oil 


16-1 




CDCI 3 : 7.65(1 H, d, J=8Hz), 7.50 
(1H, dd. J=7. 7Hz). 7.39-7.32(2H, 
rn\ R 93/2 H d I=QHt^ ft 04/0 u 

d.J=9Hz). 4.90(1 H.br.s). 
4.51-4.37(2H, m), 3.92(1 H, d, 
J=16Hz), 3.85(1H, d, J=16Hz), 
3.62-3.40(2H, m), 3.25(2H, t, 
J=6Hz). 3.1 9-3.07(1 H, m), 2.76 
(3H, s), 1.78-1.32(6H. m), 1.31 
(6H, d, J=6Hz) 
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Table 5 (continued) 



Example No. 


1 R (cnr 1 ) 


NMR (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) 


16-2 


liquid film: 1510, 1315. 1240. 1115 


CDCI 3 : 7.61(1H, d. J=8Hz), 7.47 
(1H, dd. J=8, 8Hz), 7.37-7.28(2H. 
Vn), o.oy^rl, Q, J— y rizj, o.cn^cn, 
d, J=9Hz), 4.50^.38(1H, m), 3.31 
(2H, t. J=7Hz), 3.04-2.97(2H, m), 
2.79(3H. s), 2.78-2.45(6H, m), 
1.80-1.55(6H,m), 1.31(6H,d. 
J=6Hz) 


oil 


17-1 


- 


CDCI 3 *: 8.15-8.07(2H, m), 
7.64-7.45(2H, m). 6.93(2H, d. 
J=9Hz), 6.84(2H, d, J=9Hz), 5.03 

/Alt L A A CO A O A /O l_l w«\ Q DO 

(1H, br.S), 4.52-4.34(2H, m), o.ol 
(2H. s), 3.70-3.60(1 H, m), 3.51 
(1H. ddd, J=13, 13. 3Hz), 3.25(2H, 
t. J=6Hz). 3.11(1 H. ddd. J=13, 13. 
2Hz). 2.76(3H. s). 1.80-1 .20(6H, 
m), 1.32(6H. d, J =6 Hz) 


- 


17-2 


liquid film: 2937, 1527, 1510, 
1350, 1238, 1115 


CDCI3*: 8.12-8.03(2H, m). 7.54 
(1H, d, J=8Hz). 7.44(1 H, dd, J=8, 
8Hz), 6.89(2H, d, J=9Hz), 6.84 
(2H, d, J=9Hz), 4.50-4.36(1 H, mj, 
3.30(2H, t, J=6Hz), 2.96-2.86(2H. 
m). 2.79(3H, s). 2.76-2.61 (4H, m), 
2.47(2H, ddd. J=11. 11. 3Hz), 
1.80-1.55(6H, m). 1.31(6H, d. 
J=6Hz) 


oil 


18-1 


- 


CDCI3*: 8.10(1H, dd, J=8, 1Hz). 
7.54(1 H, ddd, J=7, 7, 1Hz), 
7.47-7.39(1 H, m), 7.36-7.30(1 H. 
in). 6.94(2H. d, J=9Hz). 6.85(2H, 
d, J=9Hz), 4.89(1 H, br.s), 
4.52-4.30(2H, m), 4.23(1 H, d. 
J=16Hz), 3.91(1H, d, J-lbMz;, 
3.78-3.67(1 H. m), 3.58(1 H, ddd. 
13, 13, 3Hz), 3.29(2H, t, J=6Hz). 
3.11(1 H. ddd, J=13, 13, 2Hz), 2.78 
(3H, s). 1.83-1.45(6H, m), 1.32 
(6H, d, J=6Hz) 


- 


18-2 


liquid film: 2937, 1525, 1510. 
1350, 1238. 1115 


CDCI 3 : 7.89(1 H, dd, J=8, 1Hz). 
7.52(1 H. ddd.J=8, 8, 1Hz), 
7.39-7.32(2H. m), 6.88(2H. d, 
J=9Hz), 6.83(2H, d. J=9Hz), 
4.50-4.36(1 H. m), 3.89(1 H. br.s), 
3.30(2H, t, J=7Hz), 3.1 5-3.05 (2H. 
m), 2.79(3H, s), 2.74-2.62(4H, m). 
2.51(2H, ddd. J=11. 11. 3Hz). 
1 .76-1 .56(6H, m). 1 .31 (6H, d, 
J=6Hz) 


oil 
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Table 5 (continued) 



Exampl No. 


I I R (cm-1) 


N M R (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) 


19-1 




CDCI 3 * : 7.16-7.08(4H, m), 6.90 
(2H, d, J=9Hz), 6.83(2H, d. 
J=9Hz). 4.73(1 H, br. s), 4.52-4.32 
(2H, m), 3.70(2H s) 3 68-3 57 
(1H, m). 3.40(1H. ddd. J=13, 13, 
2Hz), 3.22(2H, t, J=6Hz), 3.08(1H, 
ddd, J=13, 13. 3Hz), 2.74(3H, s). 
2.32(3H. s), 1.75-1 .50(4H, m). 
1 .43(1 H, ddd. J=13, 13, 5Hz), 1.31 
(6H, d, J=6Hz). 1.18(1 H. ddd. 
J=13. 13, 5Hz) 




19-2 


J liquid film: 2974, 1512, 1240.1115 


CDCI 3 *: 7.13-7.05(4H, m), 6.88 
(2H. d. J=9Hz^ 6 83f2H rf 
J=9Hz), 4.50-4.36(1 H, m), 3.96 
(1H, br.s), 3.30(2H f t, J=7Hz), 
2.83-2.67(4H, m), 2.78{3H f s), 
2.67-2.56(2H, m), 2.45(2H, ddd. 
J=11, 11,4Hz), 2.31(3H,s), 
1.81-1.60(6H, m), 1.31(6H, d. 
J=6Hz) 


oil 


20-1 




CDCI3 : 7.19(1 H, dd, J=8, 8Hz). 
7.09-7.01 (3H, m), 6.90(2H, d, 
J=9Hz), 6.83(2H, d, J=9Hz), 
4.51-4 34f2 H nri 1 7fV9H «\ 
3.67-3.58(1 H, m), 3.40(1 H, ddd, 
J=1 3, 1 3, 3Hz), 3.22(2H, t, J=6Hz), 
3.09(1 H, ddd, J=13, 13, 3Hz),2.75 
(3H, s), 2.32(3H, s), 1 .74-1 .50(4H, 
m), 1.43(1 H, ddd, J=13, 13, 5HZ), 
1.31(6H, d, J=6Hz). 1.18(1H, ddd, 
J=13, 13, 5Hz) 




20-2 


liquid film: 2937, 1510, 1238, 1115 


CDCI 3 : 7.21-7.14(1 H,m), 
7.04-6 98(2 H ni\ 6 8Q(2H H 
J=9Hz), 6.84(2H, d, J=9Hz), 
4.49-4.37(1 H, m), 3.30(2H, t. 
J=7Hz), 2.83-2.63(4H, m), 2.79 
i;3H, s), 2.65-2.58(2H, m), 2.46 
(2H, ddd, J=11, 11, 4Hz), 2.33(3H. 
s), 1.78-1 .60(6H, m). 1.31(6H,d. 
J=6Hz) 


oil 


21-1 




CDCI 3 :7.18-7.10(4H,m),6.91(2H, 
d, J=9Hz), 6.83(2H, d, J=9Hz). 
4.49-4.37(2H, m), 3.68(2H, s), 
3.57-3.47(1 H, m), 3.43(1 H, ddd, 
J=13, 1 3, 3Hz). 3.24(2H, t, J=6Hz), 
3.13(1 H, ddd, J=13, 13, 3Hz), 2.75 
(3H, s), 2.49(3H, s), 1 .78-1 .20(6H, 
m), 1.31(6H, d, J=6Hz) 
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Table 5 (continued) 





Example No. 


I R (cm* 1 ) 


NMR (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) 


5 
10 


21-2 


liquid film: 2937, 1510. 1238. 1113 


CDCI 3 : 7.17-7.09(4H, m), 6.89(2H. 
d J=9Hz} 6 83(2H d J=9Hzi 
4.45-4.38(1 H, m), 3.31 (2H, t, 
J=7Hz), 2.87-2.72(4H, m), 2.79 
(3H, s), 2.60-2.52(2H, m), 2.48 
(2H, ddd, J=11, 11. 3Hz), 2.33(3H, 
s), 1 .80-1 .50(6H, m), 1 .31 (6H, d, ! 
J=6Hz) 


oil 


15 

20 


22-1 


- 


CDCI 3 : 7.43(2H, d, J=8Hz), 7.13 
(2H, d, J=8Hz). 6.92(2H, d, 
J=9Hz), 6.84(2H, d, J=9Hz). 4.91 
(1H, br.s), 4.50-4.33(2H, m), 3.68 
f2H 3 65-3 55MH ml 3 43 ' 
(1H, ddd. J=13. 13, 3Hz). 3.23(2H. 
t. J=6Hz), 3.08(1H. ddd. J=13. 13. 
3Hz), 2.75(3H.s), 1.75-1 .55(4H. 
m), 1.42(1H. ddd, J=13. 13. 5Hz). 
1.31(6H.d. J=6Hz), 1.21(1H,ddd, 
J=13. 13.5Hz) 


- 


25 

30 


22-2 


KBn 2937. 1510. 1236, 1119, 


CDCI 3 *: 7.39(2H, d. J=8Hz), 7.08 
f2H d J=8Hz1 6 89 f 2 H d 
J=9Hz), 6.83(2H, d, J=9Hz), 
4.50-4.35(1 H, m), 4.03(1 H, br. s), 
3.30(2H, t, J=6Hz), 2.85-2.53(6H, 
m), 2.78(3H, s), 2.44(2H, ddd, 
J=11, 11, 3Hz), 1.77-1.50(6H, m), 
1.31(6H, d. J=6Hz) 


91.7-92.5 


35 
40 
45 






CDCU*- 7 42-7 32J2H rrri 

VwVl4 . r «*Tfc # .u&>^ll| Illy, 

7.27-7.15(2H. m), 6.91(2H, d, 
J=8Hz), 6.83(2H, d, J=8Hz), 
4.50-4.33(2H, m), 3.70(2H, s), 
3.65-3.02(5H, m). 2.75(3H, s), 
1.75-1.15(6H, m), 1.31(6H, d, 
J=6Hz) 




23-2 


liquid film: 2974, 1510, 1238, 1113 


CDCI 3 : 7.37-7.30(2H. m), 
7.17-7.12(2H, m), 6.89(2H. d. 
J=9Hz), 6.84(2H, d, J=9Hz), 
4.50-4.37(1 H, m), 3.30(2H, t, 
J=7Hz), 2.83-2.66(4H, m), 2.78 
(3H. s), 2.64-2.56(2H, m), 2.45 
(2H, ddd, J= 11 , 1 1 , 3Hz), 1 .78-1 .58 
(6H, m), 1.31(6H, d. J=6Hz) 


oil 



50 
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Table5 (continued) 



Exampl No. 


I I R (cm-1) 


I NMR (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) 


24-1 




CDCI 3 : 7.58-7.53(1 H,m), 
7.32-7.25(2H,m),7.15-7.06(1H, 
m), 6.92(2H, d, J=9Hz), 6.84(2H, 
d.J=9Hz), 4.87(1 H.br.s), 
4.50-4.35(2H,m), 3.87(1 H,d, 
J=16Hz), 3.80(1H, d, J=16Hz), 
3.64-3.55(1 H, m), 3.46(1 H, ddd, 
J=1 3, 13. 3Hz), 3.25(2H, t, J=6Hz), 
3.12(1H, ddd, 13, 13, 3Hz), 2.76 
(3H, s), 1.77-1.30(6H, m), 1.31 
(6H, d, J=6Hz) 




24-2 


I liquid film: 2972, 1510, 1238, 1113 


CDCI 3 *: 7.52(1 H, d, J=8HZ) f 
7.27-2.18(2H, m), 7.11-7.00(1H, 
m), 6.88(2H, d, J=9Hz), 6.84(2H, 
d, J=9Hz), 4.50-4.36(1 H, m), 3.31 
(2H, t, J=7Hz), 3.01-2.91 (2H, m), 
2.81-2.71 (2H, m), 2.79(3H, s), 
2.67-2.56(2H, m), 2.51 (2H, ddd, 
J=11, 11. 3Hz), 1.78-1.60(6H, m) f 
1.31(6H,d, J=6Hz) 


oil 


25-1 




CDCI 3 : 7.27(2H, d, J=8Hz), 7.16 
(2H, d, J=8Hz), 6.92(2H, d, 
J=9Hz), 6.83(2H, d, J=9Hz), 4.93 
(1H, brs), 4.51-4.34(2H, m), 3.73 
(2H, s), 3.66-3.56(1H, m), 3.45 \ 
(1H, ddd, J=13, 13, 3Hz), 
3.28-3.18(2H. m), 3.09(1 H, ddd, 
J=13, 13, 3Hz), 2.75(3H, s), 
1.76-1.58(4H, m), 1.43(1 H, ddd, 
J=13, 13, 5Hz), 1.31(6H, d, 
J=6Hz), 1.21(1H, ddd, J=13, 13, 
5Hz) 




25-2 


liquid film: 2939, 1510, 1263, 

1198, 1163, 1117 J 


CDCI3 : 7.22(2H, d, J=9Hz), 7.13 
(2H, d, J=9Hz), 6.90(2H, d, 
J=9Hz), 6.84(2H, d, J=9Hz), 
4.50-4.37(1 H, m), 3.30(2H, t, 
J=7Hz), 2.87-2.56 (6H, m), 2.78 
(3H, s). 2.45(2H, ddd, J=11, 11, 
3Hz), 1.78-1.58(6H, m), 1.31(6H, 
d, J=6Hz) 


oil 


26-1 




CDCI3*: 7.20(2H, d, J=7Hz), 7.17 
(2H, d, J=7Hz), 6.91 (2H, d, 
J=9Hz), 6.83(2H, d, J=9Hz), 
4.52^t.32(2H, m), 3.69(2H, s), 
3.68-3.54(1 H, m). 3.48-3.33(1 H, 
m), 3.22(2H f t, J=6Hz), 3.15-3.01 
(1H. m), 2.75(3H, s), 2.47(3H, s), 
1.75-1.50(4H, m), 1.50-1.13(2H, 
m), 1.31(6H, d, J=6Hz) 
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Table 5 (continued) 



Example No. 


I R (cnr») 


NMR (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) 


26-2 


KBn 2935, 1510, 1496, 1244, 
1117, 818 


CDCI3*: 7.19(2H, d, J=8Hz), 7.14 
(2H, d, J=8Hz), 6.89(2H, d, 
J=9Hz), 6.83(2H, d, J=9Hz), 
4.50-4.36(1 H, m), 3.30(2H, t. 
J=6Hz), 2.85-2.65(4H. m), 2.78 
(3H, s), 2.65-2.55(2H. m), 
2.55-2.37(2H, m), 2.46(3H, s), 
1.80-1.60(6H, m), 1.31(6H, d. 
J=6Hz) 


67.6-68.8 


27-1 




CDCI3*: 7.89(2H, d, J=9Hz), 7.46 
(2H, d, J=9Hz), 6.93(2H, d, 
J=9Hz), 6.84(2H, d, J=9Hz), 5.02 
(1H, br.s), 4.52-4.33(2H, m), 3.81 
(2H, s), 3.70-3.40 (2H, m), 3.24 
(2H f t, J=6Hz) f 3.18-3.03(1H. m), 
3*05(3H. s), 2.76(3H, s), 1.82-1.52 
(4H, m), 1.50-1 .20(2H, m), 1.31 
(6H, d, J=6Hz) 




27-2 


KBn 2939, 1514, 1304, 1242, 
1146,1115 


CDCI3*: 7.85(2H, d. J=8Hz), 7.41 
(2H, d, J=8Hz), 6.89(2H, d, 
J=9Hz). 6.83(2H, d. J=9HzV 
4.50-4.36(1 H, m), 3.30(2H, t f 
J=6Hz), 3.04(3H, s), 2.98-2.85 
(2H, m), 2. 80-2.56(4H, m), 2.78 
(3H, s), 2.55-2.40(2H, m) f 
1.78-1.55(6H, m), 1.31(6H, d, 
J=6Hz) 


89.1-83.1 


28-1 


- 


CDCI 3 : 7.86(2H, d. J=8Hz), 7.39 
(2H ( d, J=8Hz), 6.93(2H, d f 
J=9Hz), 6.83(2H, d, J=9Hz), 4.92 
(2H, br.s), 4.52-4.32(2H, m), 3.79 
(2H. s). 3.67-3.56(1 H. m). 3.48 
(1 H, ddd, J=13, 13, 3Hz), 3.24(2H, 
t, J=6Hz), 3.09(1H, ddd, J=13, 13, 
3Hz), 2.75(3H, s), 1.78-1 .60(4H, 
m), 1.44(1H, ddd, J=13, 13, 5Hz) f 
1.36-1. 24(1 H, m), 1.31(6H, d, 
J=6Hz) 


- 


28-2 


KBn 2935, 1510, 1240, 1160 


CDCI3 : 7.84(2H, d, J=8Hz), 7.35 
(2H, d, J=8Hz), 6.90(2H, d, 
J=9Hz), 6.83(2H, d, J=9Hz), 4.81 
(2H, br.s), 4.50-4.38(1 H, m), 3.30 
(2H, t, J=6Hz), 2.95-2.58 (6H, m), 
2.78(3H, s), 2.46(2H, ddd, J=11, 
11, 3Hz), 1.83-1 .45(6H r m), 1.31 
(6H, d. J=6Hz) 


amorphous amorphous 

• 
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Table 5 (continued) 



Example No. 


| I R (cm-1) 


I N M R (ppm) (no mark: 300Hz, *: 
| 270MHz) 


melting point (°C) 


29 


j KBr: 2979, 2937, 2227, 1512, 
1238, 1124. 1093 


CDCI 3 *: 7.57(2H, d, J=8Hz), 7.31 
(2H, d, J=8Hz), 6.89(2H, d, 
J=9Hz), 6.84(2H, d, J=9Hz), 
4.50-4.36(1 H, m), 3.30(2H, t, 
J=6Hz) f 2. 92-2. 80 (2H, m), 2.78 
(3H, s), 2.76-2.56(4H, m), 2.45 
(2H,ddd,J=11, 11.3Hz), 1.78-1.50 
j (6H,m) t 1.31(6H,d.J=6Hz) 


80.4-81.2 


30 


liquid film: 2937, 2229, 1510, 
1238, 1115 


CDCI 3 :7.61(1H,d, J=8Hz), 
7.55-7.48(1 H, m), 7.38-7.26(2H, 
m), 6.88(2H, d, J=9Hz), 6.84(2H, 
d, J=9Hz), 4.50-4.37(1 H, m), 3.30 
(2H, t, J=7Hz), 3.10-3.00(2H, m), 
2.79(3H, s), 2.78-2.64(4H, m), 
2.53(2H, ddd, J=11, 11, 3Hz). 

1 i.o/-i.o/(oh, m), 1.31 (oH, a, 

| J=6Hz) 


oil 

• - 


31 


KBr 2974, 1510, 1383, 1240 


CD3OD: 7.93(2H, d, J=8Hz), 7.32 
(2H.d,J=8Hz),7.85-7.75(4H,m), 
4.48-4.35(1 H, m), 3.47-3.20(8H, 
! m), 3.14-3.05(2H, m), 2.81 (3H, s), 
1.92-1.82(4H, m), 1.76-1 .66(2H, 
m), 1.25(6H.d, J=6Hz) 


amorphous 


32 


KBr 2976, 1649, 1514. 1383. 
1244,1115 


CDCI 3 : 7.74(2H, d. J=8Hz), 7.29 
(2H, d, J=8Hz), 6.90(2H. d, 
J=9Hz), 6.83(2H, d, J=9Hz), 6.02 
(1H, br.s), 5.53(1H, br.s) f 
4.50-4.37(1 H, m), 4.08(1 H, br.s), 
3.30(2H, t, J=7Hz), 2.92-2.83 (2H, 
m), 2.97(3H, s), 2.76-2.59(4H, m), 
2.46(2H, ddd, J=11, 11, 3Hz), 
1.77-1.54(6H, m), 1.31(6H,d, 
J=6Hz) 


124.1-126.4 


33 


KBr 3394, 2931 , 1 608, 1514, 
1242, 1117 


CDCI 3 : 7.34(2H, d, J=8Hz). 7.23 
(2H, d, J=8Hz), 6.90(2H, d, 
J=9Hz), 6.83(2H, d, J=9Hz), 
4.50-4.37(1 H, m), 4.04(1 H, br.s), 
3.30(2H, t, J=7Hz), 3.10(3H, s), 
2.99(3H. s), 2.88-2.57(6H. m). 
2.79(3H, s), 2.45(2H, ddd, J=11, 
11, 3Hz). 1.79-1.55(6H, m), 1.31 
(6H, d, J=6Hz) 


103.2-104.5 


34 


KBr 2952, 1678, 1512, 1271, 
1240 


CDCI 3 : 7.89(2H. d, J=8Hz), 7.30 
(2H, d, J=8Hz), 6.90(2H, d. 
J=9Hz), 6.83(2H. d, J=9Hz), 
4.50-4.37(1 H, m), 3.30(2H, t, 
J=7Hz), 2.97-2.40(8H, m), 2.78 
(3H, s), 2.59(3H, s), 1.81-1.50(6H, 
m), 1.31(6H. d, J=6Hz) 


93. 7-95.9 
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Table 5 (continued) 



Example No. 


I R (cnrl) 


NMR (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) 


35-1 




CDCI 3 : 8.06(2H, dd, J=9, 5Hz), 
7 12I2H dd J=9 9Hz^ 6 89f2H 
d, J=9Hz), 6.83(2H, d, J=9Hz), 
4.50-4.36(1 H, m), 3.80(2H, s), 
3.29(2H, t, J=7Hz), 2.82-2.70(2H, 
m), 2.78(3H. s), 2.53(2H, ddd, 
J=10, 10, 5Hz), 1.80-1.65(6H, m), 
1.31 (6H. d. J=6Hz) 




35-2 


KBr: 2916. 1510, 1242, 1225, 
1115, 835, 825 


CDCI3*: 7.34(2H, dd, J=9, 6Hz), 
7.02(2H, dd, J=9, 9Hz), 6.90(2H, 

4.70(1 H, dd, J=11 , 4Hz), 4.50-4.36 
(1 H, m), 4.23(1 H, br.s), 3.30(2H, t, 
J=7Hz), 2.94-2.68(2H, m), 2.78 
(3H, s), 2.60-2.35(4H, m). 
1.80-1 .50(6H, m), 1.31(6H, d, 
J=6Hz) . 


84.8-85.7- ' 


36 


liquid film: 2937, 1510, 1238, 1115 


CDCI 3 : 7.35(1 H, dd, J=2, 2Hz), 
7.28-7.25(1 H, m), 6.89(2H, d. 

l-qu 7 \ e fKAtOW H J=9Hz\ 

%J — iJ MX. ) t D.Crr^n, VI t J 5nA^ 

6.31-6.28(1H, m), 4.50-4.37(1H, 
m), 3.99(1H, br.s), 3.30(2H, t, 
J=7Hz), 2.79(3H, s), 2.75-2.54 
(6H, m), 2.43(2H, ddd, J=11. 11. 
3Hz), 1.76-1.60(6H, m), 1.31(6H, 
d,J=6Hz) 


oil 


37-1 


- 


CDCI 3 : 7.34(1 H, dd, J=2. 1Hz), 

6.93(2H, d, J=9Hz), 6.84(2H, d, 

J=9Hz). 6.32(1 H, dd, J=3. 2Hz), 

6.1 8(1 H, dd, J=3. 1Hz), 4.86(1 H, 

hrc\ i rrrt 3 79MH 
Dl.o ), *».OA-*T.OA\An, my, f &\ in, 

d. J=16Hz), 3.81-3.66(2H, m), 
3.50(1 H, ddd, J=13, 13, 3Hz), 3.25 
(2H, t, J=6Hz), 3.10(1H,ddd, 
J=13. 13, 3Hz), 2.76(3H, s), 
1.76-1.63(4H, m), 1.52-1 .33(2H, 
m), 1.32(6H,d, J=6Hz) 


- 


37-2 


liquid film: 2937, 1510,1238, 1115 


CDCI 3 : 7.30(1 H, dd, J=2, 1Hz), 
6.88(2H, d, J=9Hz), 6.83(2H, d. 
J=9Hz). 6.28(1H, dd, J=3, 2Hz), 
6.03(1 H, dd, J=3, 1Hz), 4.50-4.37 
(1H, m), 4.01 (1H, br.s), 3.30(2H, t, 
J=7Hz), 2.91-2.81 (2H, m), 2.78 
(3H, s), 2.75-2.62(4H, m), 2.45 
(2H, ddd, J=11 . 1 1 , 3Hz), 1 .76-1 .58 
(6H. m), 1.31(6H, d. J=6Hz) 


| oil 
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Table 5 (continued) 





Example No. 


IR(cnr 1 ) 


N M R (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) 


5 
10 
15 


38-1 




CDCI 3 *: 7.19(1H, dd, J=5. 1Hz), 
6.96-6.77(6H, m). 4.80(1 H, br.s). 
4.55-4.28(2H, m). 3.94(1H. d. 
J=16Hz), 3.88(1H. d, J=16Hz). 
3.75-3.62(1 H. m). 3.49(1H. ddd, 
J=13, 13, 3Hz), 3.24(2H.t, J=6Hz). 
3.09(1H, ddd. J=13, 13. 3Hz). 2.75 
(3H, s), 1.76-1.57(4H, m), 1.45 
(1H,ddd. J=13, 13. 5Hz), 
1.35-1.21(1H, m), 1.31(6H, d, 
J=6Hz) 




20 


38-2 


liquid film: 2935, 1510, 1238, 1113 


CDCI 3 *:7.12(1H, dd, J=5. 1Hz), 
6.95-6.78(6H. m), 4.50-4.33(1 H. 
m), 3.30(2H. t, J=7Hz), 3.04(2H, t. 
J=8Hz), 2.79(3H. s). 2.76-2.63 
(4H. m). 2.47(2H. ddd, J=11. 11, 
4Hz), 1.78-1.58(6H, m), 1.31(6H. 
d. J=6Hz) 


oil 


25 
30 
35 


39-1 




CDCI 3 ': 7.28(1 H. dd, J=5. 3Hz). 
7.06(1H, dd, J=3. 1Hz). 7.01(1H. 
dd. J=5. 1 Hz). 6.90(2H, d. J=9Hz), 
6.83(2H, d. J=9Hz).4.74(1H. br.s). 
4.52-4.25(2H, m), 3.77(1H, d. 
J=16Hz), 3.70(1H, d. J=16Hz). 
3.69-3.54(1H, m). 3.43(1H. ddd. 
J=13. 13. 3Hz). 3.22(2H, t, J=6Hz). 
3.08(1H, ddd, J=13. 13. 3Hz). 2.75 
(3H, s). 1.75-1.53(4H. m). 1.43 
(1H.ddd,J=13. 13.5Hz), 1.31(6H. 
d. J=6Hz). 1.19(1H.ddd, J=13, 13, 
5Hz). 




40 
45 




liquid film: 2935, 1510, 1238, 1115 


CDCI 3 *: 7.25(1 H. dd. J=5. 3Hz). 
7.02-6.93(2H. m), 6.89(2H. d, 
J=9Hz). 6.83(2H, d. J=9Hz). 
4.51-4.34(1 H. m). 3.30(2H. t. 
J=7Hz), 2.91-2.81(2H. m). 2.79 
3H. s). 2.76-2.58(4H. m). 2.45 
(2H.ddd, J=11, 11,4Hz). 1.78-1.58 
(6H. m). 1.31 (6H. d. J=6Hz) 


oil 


50 
55 


40-1 




CDCI3*: 7.16(2H. d. J=9Hz). 6.91 
1 2H. d. J=9Hz) 6 85f2H d 
J=9Hz), 6.82(2H, d f J=9Hz), 4. 
524.31 (2H, m) f 3.79(3H, s), 
3.703.57(1 H, m), 3.67(2H, s), 
3.473.29(1 H, m), 3.22(2H, t, 
J=6Hz), 3.08(1H, ddd, J=13, 13, 
3Hz), 2.75(3H, s), 1.73-1.10(6H, 
m), 1.31(6H, d, J=6Hz) 
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Table 5 (continued) 



Example No. 


I R (cor') 


NMR (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) 


40-2 


liquid film: 1512, 1244, 1115 


CDd 3 # : 7.12(2H, d, J=9Hz), 
6.92-6.78(6H, m), 4.50-4.36(1 H, 
m), 3.78(3H, s), 3.30(2H, t, 
J=7Hz), 2.83-2.68(4H, m). 2.78 
(3H, s), 2.66-2.56(2H, m), 2.48 
(2H, ddd, J=10,10, 4Hz), 
1.77-1.62(6H, m), 1.31(6H, d. 
J=6Hz) 


oil 


41-1 




CDCI 3 *: 7.11(2H. d, J=9Hz), 6.90 
(2H, d, J=9Hz), 6.82(2H, d, 
J=9Hz), 6.69(2H, d, J=9Hz), 
4.52-4.30(2H. m). 3.70-3.58(1 H, 
m), 3.64(2H, s), 3.39(1 H, ddd, 
J=13, 13, 2Hz), 3.22(2H, t, J=6Hz), 
3.08(1 H, ddd, J=13, 13, 3Hz) f 2.92 
(6H, s), 2.74(3H, s), 1.72-1.13(6H, 
m). 1.31(6H, d. J=6Hz) 




41-2 


KBr : 2937, 1514, 1246, 1113, 816 


CDCI 3 : 7.09(2H, d, J=9Hz), 6.89 
(2H, d, J=9Hz), 6.83(2H, d. 
J=9Hz), 6.70(2H, d, J=9Hz), 
4.49-4.37(1 H, m), 3.30(2H, t, 
J=7Hz), 2.91(6H, s), 2.82-2.70 
(4H, m), 2.79(3H, s). 2.64-2.55 
(2H. m), 2.46(2H, ddd, J=11, 11, 
4Hz), 1.76-1 .62(6H f m), 1.31 (6H, 
d, J=6Hz) 


63.9-65.5 


42-1 




CDCI 3 : 7.35-7.20(5H, m). 7.02(2H t 
d, J=9Hz), 6.89(2H, d, J=9Hz), 
5.24(1 H, s), 4.05(2H, q, J=7Hz), 
3.47(2H, s), 3.23(3H, s), 2.59-2.49 
(2H, m), 2.39(2H, ddd. J=12, 12, 
2Hz), 2.16(2H, s), 1.71-1.61(2H, 
m), 1.46-1 .32(2H, m), 1.45(3H, t. 
J=7Hz) 




42-2 




CDCI 3 : 7.38-7.22(5H, m), 6.89(2H, 
d. J=9Hz), 6.82(2H, d. J=9Hz), 
3.98(2H. q, J=7Hz), 3.54(2H, s), 
3.28(2H, t, J=7Hz), 2.77(3H, s), 
2.70-2.58(2H f m) t 2.48-2.34(2H, 
m), 1.76-1.62(6H, m), 1.39(3H, t, 
J=7Hz) 




42-3 




CDCI 3 : 6.91 (2H, d, J=9Hz), 6.84 
(2H, d, J=9Hz), 3.99(2H, q, 
J=7Hz), 3.29(2H, t. J=7Hz). 3.01 
(2H, ddd, J=12, 12, 3Hz) f 2.85(2H, 
ddd, J=12, 4, 4Hz), 2.78(3H, s) f 
1.74-1.48(6H, m), 1.39(3H. t. 
J=7Hz) 
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Table 5 (continued) 





Example No. 


I R (crrr») 


NMR (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) 


5 
10 


42-4 


liquid film: 2939, 2227, 1512, 
1242, 1119,1049,824 


CDCI 3 *: 7.57(2H. d, J=8Hz), 7.31 
(2H, d, J=8Hz), 6.92(2H, d, 
J=9Hz), 6.84(2H, d, J=9Hz), 3.99 
(2H, q, J=7Hz), 3.29(2H, t, J=6Hz), 
2.92-2.81 (2H, m), 2.78(3H, s), 
2.74-2.56(4H, m), 2.45(2H, ddd, 
J=11, 11, 3Hz), 1.78-1.55(6H, m), 
1.39(3H,t. J=7Hz) 


oil 


15 


43-1 


- 


CDCI3*: 7.35-7.1 8(6H, m), 
6.90-6.83(1 H, m), 6.70-6.60(2H, 
m), 5.20(1 H, s), 4.61-4.48(1 H, m), 
3.47(2H, s), 3.25(3H, s), 2.60-2.32 
(4H, m), 2.21(2H, s), 1.71-1.30 
(4H, m), 1.36(6H, d, J=5Hz) 


- 


20 
25 


43-2 




CDCI3 : 7. 35-7. 21 (5H, m), 7.11 
(1H, dd, J=9, 9Hz), 6.40-6.35(1 H, 
m), 6.33-6.28(2H, m), 4.59-4.47 
(1H, m), 3.52(2H, s), 3.47-3.39 
(2H, m), 2.87(3H, s), 2.67-2.58 
(2H, m), 2.35(1H, ddd, J=11, 11, 
4Hz), 1.75-1.59(6H, m), 1.33(6H t 
d,J=6Hz) 




30 


43-3 


- • 


CDCI3 : 7.13(1H, dd, J=8, 8Hz), 
6.42-6.38(1 H, m), 6.34-6.29(2H, 
m), 4.594.47(1 H, m), 3.49-3.40 
(2H, m), 3.02-2.80 (4H, m), 2.88 
(3H, s), 1.76-1 .53(6H, m), 1.33 
(6H, d. J=6Hz) 


- 


35 
40 


434 


KBr : 2935, 2225, 1608, 1570, 
1502, 1238, 1095 


CDCI 3 *:7.57(2H, d, J=8Hz), 7.31 
(2H, d, J=(Hz), 7.13(1 H, dd, J=8, 
8Hz), 6.43-6.29(3H, m), 4.60-4.46 
(1H, m), 3.44(2H, t, J=7Hz), 
2.91-2.82(2H, m), 2.88(3H, s) f 
2.75-2.62(4H, m), 2.48-2.35(2H, 
m), 1.78-1.58(6H, m), 1.33(6H, d, 
J=6Hz) 


114.3-116.1 


45 
50 


44-1 




CDCI3*: 7.34-7. 18(6H, m), 
7.11-7.04(1 H, m), 6.97-6.88(2H, 
m), 5.34(1 H, s), 4.6S4.51 (1 H, m), 
3.47(2H, s), 3.47(2H, s), 3.16(3H, 
s), 2.58-2.45(2H, m), 2.39(2H, 
ddd, J=11, 11, 3Hz), 2.16(1H, d, 
J=16Hz), 2.07(1H. d, J=16Hz), 
1 .73-1 .25(4H, m), 1 .32(3H, d, 
J=6Hz),1.30(3H, d, J=6Hz) 





$5 
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Table 5 (continued) 



Example No. 


1 R (cm-1) 


N M R (ppm) (no mark: 300Hz, *: j 
270MHz) I 


melting point (°C) 


44-2 




CDCI 3 :7.34-7.1 9(5H, m), 7.08-7. 
00 (2H, m), 6.90-6.83(2H, m), 
4.66-4.54(1 H, m), 3.51 (2H, s). 
3.19(2H, t, J=6Hz), 2.67(3H, s), 
2.60-2.51 (2H. m), 2.41 (2H, ddd, 
J=11, 11, 3Hz). 1.72-1.48(6H, m), 
1.36(6H,d, J=6Hz) | 




44-3 




CDCI3*: 7.09-7.00(2H, m), 
6.92-6.83(2H, m). 4.68-4.53(1 H, 
m), 3.20(2H, t, J=6Hz), 3.04(2H, 
ddd, J=12, 12,3Hz),2.85-2.76(2H, 
m), 2.68(3H, s), 1 .74-1 .40(6H, m), 
1.36(6H,d.J=6Hz) | 




44-4 


liquid film: 2974. 2227, 1497, 
- 1232; 1119- 


CDCI 3 : 7.56(2H, d, J=8Hz), 7.31 J 
(2H, d, J=8Hz), 7.09-7.02(2H. m), 
6.91-6.85(2H, m), 4.67-4.55(1 H, 
m),3.21(2H,t,J=6Hz), 2.90-2.83 
(2H, m), 2.68(3H, s), 2.68-2.57 
(4H, m), 2.47(2H, ddd. J=11, 11, 
3Hz), 1 .73-1 ,48(6H, m), 1 .36(6H, 
d, J=6Hz) 


oil 


45-1 




CDCI3*: 7.72(1 H. br.s). 7.38-7.21 
(7H. m), 6.84(2H, d, J=9Hz), 
4.55-4.42(1 H t m), 3.93(1 H, br. s), 
3.53(2H. s), 2.63-2.40(4H, s), 2.47 
(2H, s), 1.82-1 .60(4H, m), 1.31 
(6H, d, J=6Hz) 




*K>-a 




CDCI 3 : 7.35-7.22(5H, m), 6.78(2H. 
d, J=9Hz), 6.63(2H, d, J=9Hz), 
4.45-4.32(1 H. m), 3.52(2H. s), 
3.27(2H, t, J=6Hz), 2.68-2.58(2H, 
m), 2.42-2.30(2H, m), 1.78(2H, t, 
J=6Hz), 1.74-1.60(4H, m), 1.29 
(6H, d. J=6Hz) 




/ICO 




CDCI 3 : 6.79(2H, d, J=9Hz), 6.63 
(2H, d, J=9Hz), 4.45-4.32(1H, m), 
3.47(1 H, s), 3.28(2H, t, J=6Hz), 
2.97(2H, ddd, J=12, 12, 3Hz), 2.84 
(2H, ddd, J=12, 4, 4Hz). 1.79(2H f 
t, J=6Hz). 1.70-1 .48(4H, m). 1.29 
(6H. d. J=6Hz). 




45-4 


KBr. 2225, 1510, 1246, 1134, 
1109, 823 


CDCI 3 : 7.58(2H, d, J=8Hz), 7.31 
(2H, d, J=8Hz), 6.79(2H, d, 
J=9Hz), 6.65(2H, d. J=9Hz), 
4.45-4.32(1 H, m), 3.30(2H,t, 
J=6Hz), 2.92-2.84(2H, m), 
2.76-2.58(4H, m), 2.43(2H, ddd, 
J=11, 11, 4Hz), 1.83-1.50(4H, m), 
1.80(2H, t, J=6Hz), 1.29(6H, d, 
J=6Hz) 


j 111.5-112.5 
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Table 5 (continued) 



Example N . 


I R (cm-1) 


N M R (ppm) (n mark: 300Hz, *: 
270MHz) 


melting point (°C) 


46-1 


• 


CDCI 3 : 7.45-7.15(1 OH, m), 6.94 
(2H. d, J=8Hz), 6.80(2H, d, 
J=8Hz), 4.66(1H, d. J=12Hz), 
4.58-4.46(1 H, m), 4.38(1 H, d, 
J=12Hz). 4.28(1 H. s). 3.81 (1H, s). 
3.48(2H, s). 3.28(3H, s), 2.68-2.58 
(2H, m). 2.46-2.27(2H, m), 
1.96-1.87(1H, m). 1.57-1.23(9H. 
m) 




46-2 




CDCI 3 : 7.12(2H. d. J=9Hz), 6.90 
(2H, d, J=9Hz). 4.62-4.47(1 H, m), 
3.77(1 H, s), 3.27(3H, s), 3.00(1 H, 
ddd, J=12, 12, 3Hz), 2.89(1 H, ddd, 
J=12, 12, 3Hz), 2. 82-2. 72 (2H, m). 
1.82-1.73(1H, m). 1.50-1.15(3H. 
m). 1.36(6H. d. J=6Hz) 








CDCI 3 : 6.87(2H. d. J=9Hz), 6.82 
(2H, d. J=9Hz). 4.49-4.36(1 H, m), 
3.60(1H,dd. J=10,4Hz), 3.31(1H. 
dd. J=14, 10Hz), 3.11(1H. dd. 
J=14, 4Hz). 3.05-2.80(4H, m), 
2.81 (3H, s). 1.85-1.76(1 H, m). 
1.66-1.40(3H, m). 1.30(6H, d, 
J=6Hz) 




46-4 


liquid film: 2227, 1510, 1371. 
1238.1115 


CDCI 3 : 7.58(2H, d, J=8Hz), 7.32 
(2H, d. J=8Hz), 6.88(2H, d. 
J=9Hz). 6.82(2H, d. J=9Hz). 
4.50-4.37(1 H. m), 3.60(1 H, dd, 
J-11, 4Hz), 3.32(1 H. dd, J=13, 
11Hz), 3.09(1H, dd, J=13, 4Hz), 
2.93-2.73(4H. m), 2.81 (3H. 3), 
2.67-2.59(2H. m). 2.50-2.37(2H, 
m). 1.94-1 .85(1 H, m). 1.72(1 H, 
ddd, J=13,13.4Hz). 1.66-1.55(2H. 
m), 1.3K6H. d. J=6Hz^ 


oil 


47-1 




CDCI 3 : 7.03(2H f d, J=9Hz), 6.90 
(2H, d, J=9Hz), 4.62-4.50(1 H f m), 
3.90-3.65(2H f m) f 3.24(3H, s), 
3.25-3.10(2H, m), 2.16(2H f s), 
1 .68-1 .58(2H, m), 1 .43(9H f s), 
1 .37(6H, d, J=6Hz) f 1 .35-1 .18(2H, 
m) ! 




47-2 




CDCI 3 : 7.05(2H, d, J=9Hz) f 6.89 
(2H f d, J=9Hz), 4.61^.49(1 H f m), 
3.90-3.65(2H, m), 3.22(3H, s) f 
3.10-2.87(2H, m). 3.04(3H f s), 
2.35(2H f s), 1.80-1.64(4H, m), 
1.44(9H, s), 1.36(6H. d. J=6Hz), 
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Table 5 (continued) 





Example No. 


I R (cm- 1 ) 


NMR (ppm) (no mark: 300Hz, *: 
270MHz) 


melting point (°C) 


5 
10 


47-3 




CDCI 3 : 6.83(2H, d, J=9Hz), 6.69 
(2H, d, J=9Hz), 4.45-4.32(1 H, m), 
3.38-3.27(2H, m), 3.19(3H, s). 
2.96-2.72(4H. m), 2.84(3H, s). 
1.82-1.62(4H. m), 1.59-1.38(2H, 
m), 1.30(6H, d, J=6Hz). 




15 


47-4 


liquid film: 2939, 2227, 1608, 
1238, 1113, 1078 


CDCI 3 : 7.57(2H, d. J=8Hz). 7.31 
(2H. d, J=8Hz). 6.82(2H, d, 
J=9Hz), 6.69(2H, d, J=9Hz), 
4.45-4.32(1 H, m), 3.37-3.27(2H. 
m), 3.18(3H, s), 2.86(2H.t, 
J=8Hz). 2.84(3H, s). 2.72-2.55 
(4H. m), 2.41-2.28(2H, m), 
1.90-1.78(2H, m), 1.72-1.48(4H. 
m), 1.30(6H,d,J=6Hz) 


oil 


20 
25 


48-1 


liquid film: 1510, 1369, 1240, 1113 


CDCI 3 : 7.37-7.21 (5H, m), 6.84(2H, 
d. J=9Hz), 6.80(2H, d, J=9Hz). 
4.45-4.32(1 H. m), 3.53(2H, s), 
3.17(2H, s). 2.92(3H. s), 2.74-2.65 
(2H, m), 2.36(2H, ddd. J=11, 11, 
4Hz), 1 .98(1 H, s). 1 .78-1 .60(4H, \ 
m\ 1 29(6H. d. J =6 Hz) 

1 1 If | ■ •fcWl VI fly *m • w *m ■ *^™/ 


oil 


30 


48-2 




CDCI 3 : 6.86(2H, d, J=9Hz), 6.81 
(2H, d, J=9Hz), 4.46-4.32(1 H, m). 
3.17(2H, s), 3.06-2.85(4H, m). 
2.94(3H, s), 1.70-1 .52(4H, m), 
1.29(6H,d, J=6Hz) 




35 
40 


| 48-3 


liquid film: 2937, 2227. 1510, 
1371, 1240, 1115 


CDCI 3 : 7.58(2H, d, J=8Hz), 7.32 
(2H, d. J=8Hz). 6.86(2H, d, 
J=9Hz). 6.81(2Hz, d, J=9Hz), 
4.47-4.32(1 H, m), 3.18(2H. s), 
2.94(3H, s), 2.92-2.58(6H, m), 
2.51-2.35(2H, m), 1.78-1.65(4H, 
m). 1.30(6H. d, J =6 Hz) 


oil 


45 


49 


KBr: 2979. 2937, 2227, 1512, 
1238, 1124. 1093 


CDCI 3 *: 7.57 (2H. d, J=8Hz). 7.31 
(2H. d. J=8Hz). 6.89(2H, d. 
J=9Hz), 6.84(2H, d, J=9Hz), 
4.50-4.36(1 H, m), 3.30(2H, t, 
J=6Hz), 2. 92-2. 80 (2H, m). 2.78 
(3H. s), 2.76-2.56(4H. m), 2.45 
(2H, ddd. J=11 , 1 1 , 3Hz). 1 .78-1 .50 
(6H. m), 1.31(6H, d. J=6Hz) 


80. 4-81.2 


50 
55 


50 


KBr: 1512. 1470. 1255. 1109,951 


CD 3 OD: 7.57(2H. d. J=9Hz), 
7 37-7 72(SH rrrt 7 09(2H. d. 
J=9Hz), 4.73-4.59(1 H, m). 3.74 
(2H, t, J=8Hz), 3.55-3.20(6H. m), 
3.28(3H, s), 3.13-3.00(2H. m), 
2.10-1 .50(6H. m), 1.33(6H, d, 
J=6Hz) 


189.7-192.6 
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Table 5 (continued) 



Exampl No. 


| I R (cm-1) 


I NMR (ppm) (no mark: 300Hz, *: 
j 270MHz) 


melting point (°C) 


51 


| KBr. 2229, 1510, 1470, 1257, 
1109.953,835 


CD 3 OD*: 7.71(2H. d. J=8Hz), 7.57 
(2H,d, J=9Hz).7.51(2H.d. 
J=8Hz). 7.10(2H. d, J=9Hz), 
4.754.58(1 H, m), 3.75(2H, t. 
J=8Hz), 3.55-3.10(8H. m). 3.28 
(3H, s), 2.10-1.50(6H, m). 1.33 
(6H, d, J=6Hz) 


201.8-203.0 


55 


KBn 1512, 1470. 1257, 1109,955, 
835 


I CD,OD: 7.58(2H. d J=9Hzl 7 32 
(2H, dd, J=9, 4Hz). 7.10(2H. d. 
J=9Hz). 7.06(2H. dd. J=9. 9Hz). 
4.75-4.60(1 H. m), 3.75(2H. t, 
J=7Hz), 3.55-3.20(6H, m), 3.28 
(3H, s), 3.13-3.00(2H, m). 
2.10-1.50(6H. m). 1.33(6H. d. 

I J=6Hz) 


«i aec 


84 


KBr: 1510. 1255. 1109. 953 


CD3OD: 7.61-7.43(4H, m), 7.10 
(2H. d. J=9Hz). 6.44-6.41(1 H. m). 
4.74-4.60(1 H, m), 3.74(2H. t. 
J=8Hz), 3.55-3.30(4H, m). 3.28 
(3H, s). 2.93(2H, t, J=8Hz), 
2.05-1.50(6H, m). 1.33(6H, d. 
J=6Hz) 


202.6-203-9 


86 


KBr 1510. 1468, 1255. 1109. 953 


CD3OD : 7.57(2H. d. J=9Hz). 7.30 
(1H, dd. J=5. 1Hz). 7.09(2H. d, 
J=9Hz), 7.03-6.93(2H, m). 
4.73-4.60(1 H, m). 3.74(2H, t. 
J=8Hz), 3.55-3.20(8H, m), 3.28 
(3H, s). 2.05-1 .50(6H. m). 1.33 
(6H, d. J=6Hz) 


203.0-204.5 


90 


KBr. 2229. 1514. 1475. 1257. 
1180. 1043 


CD3OD: 7.71(2H, d. J=8Hz). 7.57 
(2H. d. J=9Hz), 7.51 (2H,d, 
J=8Hz), 7.12(2H. d. J=9Hz), 4.09 
(2H, q. J=7Hz). 3.75(2H. t. J=8Hz), 
3.55-3.10(8H, m), 3.29(3H, s). 
2.05-1.50(6H. m). 1.41(3H, t. 
J=7Hz) 


214.0-215.2 


93 | 


KBr 2229. 1604. 1512. 1253. 829 


CD3OD: 7.72(2H, d, J=8Hz). 7.51 
(2H, d. J=8Hz). 7.27(2H. d. 
J=9Hz). 7.01 (2H. d. J=9Hz). 
4.66-4.54(1H. m). 3.60-3. 10(1 OH, 
m). 2.10-1. 80(6H, m), 1.31(6H, d, 


197.3 dec 


96 I 


KBr 2229, 1510, 1458. 1255, 
1109, 951 


CD 3 OD: 7.71 (2H. d, J=8Hz), 7.60 
(2H. d, J=9Hz), 7.48(2H. d. 
J=8Hz). 7.09(2H. d, J=9Hz), j 
4.73-4.60(1 H. m), 3.87-3.70(2H. 
m), 3.57-3.05(8H, m), 3.33(3H. s). 
2.05-1 .45(4H, m). 1.32(6H. d. 
J=6Hz) 


202. 8-203.4 
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Table 5 (continued) 





Example No. 


I R (cnr 1 ) 


NMR (ppm) (no marie 300Hz. *: 
270MHz) 


melting point (°C) 


5 
10 


97 


KBr. 2561, 2227. 1512, 1468, 
12o9 


CD 3 OD: 7.71 (2H, d, J=8Hz). 7.58 
(2n, 0, J-9HZ), 7.52(2n v a, 
J=8ZHz), 7.10(2H, d f J =9 Hz), 
4.74-4.61 (1H, m), 3.77(2H, t. 
J=8Hz), 3.60-3.47(2H, m), 
3.44-3.13(6H, m), 3.30(3H. s), 
2.10-1.52(6H, m), 1.33(6H, d, 
J=6Hz) 


216.7 dec 


15 

20 • 


98 


KBr : 2229, 1583, 1510, 1385, 
1354 


CD3OD: 7.70(2H, d. J=8Hz), 7.49 
(2H, d, J=8Hz), 7.32(2 H, d. 
J=9Hz), 7.01 (2H, d, J=9Hz), 6.27 
(4H,s). 4.66-4.53(1 H, m), 
3.70-3.60(2H, m), 3.56-3.24(6H. 
m), 3.21-3.10(2H, m), 3.15(3H. s). 
1.96-1.82(4H, m). 1.78-1 .66(2H. 
m), 1.31(6H.d. J=6Hz) 


143.5-145.4 


25 


99 


KBr: 2229, 1510, 1238, 1171. 

1122, lUlO, /25# 


CD3OD: 7.87-7.79(4H, m), 7.68 

/QUI A 1— RUt\ T CQ/OU H 

l2rl, O, J— oMZJ, / .Oo\Zri t a, 
J=9Hz). 7.49-7.39(8H, m). 7.08 
(2H f d, J=9Hz), 4.72-4.59(1 H, m), 
3.75(2H. t, J=8Hz). 3.59-3.44(2H, 
m), 3.40-3.22(4H, m), 3.28(3H. s), 
3.18-3.06(2H, m), 2.08-1 .48(6H, 
m), 1.32(6H, d, 6Hz) 


190.4-193L0 



30 



[0240] The structure of the compounds of Example 1 to Example 99 are shown in Table 6. In the abbreviations of 
the substituents used in the structures in Table 6, Me- means CH3- and Et- means C2H5-. 

35 



40 



45 



50 
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Tab! 6(2) 



Example No. 


R- 


Example N . 


R— 


17 


N0 2 


27 


Me. jO^^ 

o o 


18 


N0 2 


28 


H a N. jQT^ 
A 
O O 


19 




29 




20 


Me 


30 




21 


Me 


31 




22 




32 




23 


Br 


33 


MejjNOC/^ 


24 




34 


Me^jQf^^ 
O 


25 




35 




26 




36 
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Table 6 (3) 



t/dmpig IMO* 


p— 


Example No. 


R— 


37 




40 




38 




41 




39 









Example 42 OH Me Example 46 ho? H V« 



NC 



^SJL ST 



Example 43 OH V* Example 47 OMe Me 
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55 



Exampl 45 oh |j Example 49 0 H V* 
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Example 50 dihydrochloride f compound f Example No. 1 
Example 51 dihydrochloride of compound of Example No. 2 
Example 52 dihydrochloride of compound f Example No. 3 
Example 53 dihydrochloride of compound of Example No. 4 
Example 54 dihydrochloride of compound of Example No. 5 
Example 55 dihydrochloride of compound of Example No. 6 
Example 56 dihydrochloride of compound of Example No. 7 
Example 57 dihydrochloride of compound of Example No. 8 
Example 58 dihydrochloride of compound of Example No. 9 
Example 59 dihydrochloride of compound of Example No. 10 
Example 60 dihydrochloride of compound of Example No. 11 
Example 61 dihydrochloride of compound of Example No. 12 
Example 62 dihydrochloride of compound of Example No. 13 
Example 63 dihydrochloride of compound of Example No. 14 
Example 64 dihydrochloride of compound of Example No. 15 
Example 65 dihydrochloride of compound of Example No. 16 
Example 66 dihydrochloride of compound of Example No. 17 
Example 67 dihydrochloride of compound of Example No. 18 
Example 68 dihydrochloride of compound of Example No. 19 
Example 69 dihydrochloride of compound of Example No. 20 
Example 70 dihydrochloride of compound of Example No. 21 
Example 71 dihydrochloride of compound of Example No. 22 
Example 72 dihydrochloride of compound of Example No. 23 
Example 73 dihydrochloride of compound of Example No. 24 
Example 74 dihydrochloride of compound of Example No. 25 
Example 75 dihydrochloride of compound of Example No. 26 
Example 76 dihydrochloride of compound of Example No. 27 
Example 77 dihydrochloride of compound of Example No. 28 
Example 78 dihydrochloride of compound of Exampl No. 30 
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Example 79 dihydrochloride of compound of Example No. 31 
Example BO dihydrochloride of compound of Example No. 32 
Example 81 dihydrochloride of compound of Example No. 33 
Example 82 dihydrochloride of compound of Example No. 34 
Example 83 dihydrochloride of compound of Example No. 35 . 
Example 84 dihydrochloride of compound of Example No. 36 
Example 85 dihydrochloride of compound of Example No. 37 
Example 86 dihydrochloride of compound of Example No. 38 
Example 87 dihydrochloride of compound of Example No. 39 
Example 88 dihydrochloride of compound of Example No. 40 

Example 89 trihydrochloride of compound of Example No. 41 ^ 

Example 90 dihydrochloride of compound of Example No. 42 

Example 91 dihydrochloride of compound of Example No. 43 

Example 92 dihydrochloride of compound of Example No. 44 

Example 93 dihydrochloride of compound of Example No. 45 

Example 94 dihydrochloride of compound of Example No. 46 

Example 95 dihydrochloride of compound of Example No. 47 

Example 96 dihydrochloride of compound of Example No. 48 

Example 97 dihydrobromide of compound of Example No. 2 

Example 98 dimaleate of compound of Example No. 2 

Example 99 dibenzenesulfonate of compound of Example No. 2 

10241] The structures of the compounds manufactured in Step 1 of Examples 9 to 28, Example 35 and Examples 
37 to 41 are shown in Table 7. In the abbreviations of the substituents used in the structures in Tablet 7, Me- means 
CH 3 - and Et- means C 2 H 5 -. Example No. in the Table, e.g., Example No. 9-1 means Step 1 of Example 9, and the 
compounds in the Table 7 are Intermediates of the compounds of the corresponding Example No. 
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EXAMPLE OF FORMULATION 

[0242] Examples of formulations containing the compounds according to the present invention are shown below. 
However, the present invention is by no means restricted to these examples. 



(Formulation Example 1: Tablet) 


The compound in the Example 50 


100 g 


Lactose 


350 g 


Potato starch 


120 g 


Polyvinyl alcohol 


15g 


Magnesium stearate 


15g 



[02431 After weighing each component above, the compound in the Example 50, lactose and potato starch are ho- 
mogeneously mixed. An aqueous solution of polyvinyl alcohol is added to this mixture, and granules are prepared by 
a wet granulation method. The granules are dried, mixed with magnesium stearate, and formed into tablets each 
weighing 300 mg by press-molding. 



(Formulation Example 2: Capsules) 


The compound in the Example 50 


50 g 


Lactose 


435 g 


Magnesium stearate 


15g 



[02441 The components abov ar homogen ouslymix d after weighing. Three hundred milligram each fth mix- 
ture is filled in an appropriate hard capsule each weighing 300 mg by using a capsule-encapulating machine to prepare 
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a capsule drug. 



(Formulation Example 3: Injections] 


I 


The compound In the Exampl 51 
Propylene glycol 
Distilled water for injection 


2g 
200 g 
proper volume 



[0245] The compound In the Example 51 is dissolved in propylene glycol after weighing each component. Aseptic 
water for injection is added to make a total volume of 1000 mL, and 5 mL each of the aqueous solution is dispensed 
in a 10 mL ampoule after aseptic filtration, followed by fusing the ampoule to prepare an injection. 



(Formulation Example 4: Suppository) 


The compound in the Example 51 
Polyethylene glycol 1500 
Polyethylene glycol 4000 


100 g 
180 g 
720 g 



[0246] After grinding the compound in the Example 51 in a mortar into fine powder, suppositories each weighing 1 
g are prepared by hot-melting. 



(Formulation Example 5: Powder) 


The compound in the Example 55 


200 g 


Lactose 


790 g 


Magnesium stearate 


10g 



[0247] A powder containing 20% of the effective ingredient is prepared by mixing each component after weighing. 

Industrial Applicability t _ . 

[0248] The compound of this invention was successful in treating pain when orally applied to the animal pain model 
or to the neuropathy pain model without practically affecting the threshold of a normal nerve fiber to a nociceptive 
stimulus. Thus, the compound of this invention gives a prospect of providing a new orally applicable agent for treating 
neuropathic pain presenting with few side-effects in contrast with the conventional analgesics. The agent prepared 
from the compound will be also effective for preventing or retarding the further aggravation of the chronic diseases 
responsible for neuropathic pain. The agent of this invention which selectively blocks the persistent sodium current will 
become an excellent therapeutic agent for treating neuropathic pain while presenting with few side-effects. 

Claims 

1. A compound as shown in the following formula (I) 




(wherein A represents a phenyl group or a monocyclic aromatic heterocylic ring each substituted by R 1 and R 2 ; 
R 1 and R 2 represent, ind pendently of each other, a group arbitrarily s lected from the group of hydrogen atom, 
halogen atom, triflu romethyl group, trifluoromethoxy group, nitro group, cyano group, lower alkoxycarbonyl group, 
amino group unsubstituted or mono- or di-substituted by low ralkylgrous, carbamoyl group unsubstituted rm no- 
or di-substituted by lower alkyl groups, sulfamoyl group unsubstituted or mono- or di-substituted by lower alkyl 
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groups, unprotected or protected hydroxyl group, unprotected or protected carboxyl group, lower alkoxy group, 
lower alkyl group, I w r alkylthlo group, lower alkylsulfinyl group, lower alkylsulfonyl group and lower alkanoyl 
group; R 3 represents hydrogen atom or lower alkyl group; R 4 represents hydrogen atom or a lower alkyl group; 
R5 represents ethoxy group or isopropoxy group; X represents group: -CH(OH)- or methylene group; and Z rep- 
resents a single bond or methylene group unsubstituted or substituted by unprot cted or prot cted hydroxyl group 
which may be protected), or pharmaceutically acceptable salt thereof. 

2. A compound or salt thereof as claimed in claim 1 , wherein A represents phenyl group, furyl group or thienyl gr up 
each substituted by R 1 and R 2 , R 1 represents hydrogen atom, halogen atom, trifiuorornethyl group, trifluoromethoxy 
group, nitro group cyano group, lower alkoxycarbonyl group, lower alkoxy group, lower alkyl group, lower aikylthio 
group or lower alkanoyl group, and R 2 represents hydrogen atom. 

3. Pharmaceutical composition characterized by containing, as an active ingredient, the compound or the pharma- 
ceutically acceptable salt thereof as shown in Formula (I) as claimed in claim 1. 

4. Pharmaceutical composition as claimed in claim 3, wherein the composition Is an agent for treating neuropathic 
pain or an allodynia treating agent 

5. An agent for treating neuropathic pain characterized by containing, as its active ingredient, a substance that 
selectively inhibits the persistent sodium current 

6. An allodynla treating agent characterized by containing, as its active ingredient, a substance that selectively 
inhibits the persistent sodium current. 

7. An agent for treating neuropathic pain or an allodynia treating agent as claimed in any one of claims 4 to 6, wherein 
the agents can be orally administered to mammals. 

8. An agent for treating neuropathic pain characterized by containing a substance that interferes with the persistent 
sodium current, and selectively acts on the injured side of sciatic nerves in the Bennett's model. 

9. An agent for treating neuropathic pain characterized by containing a substance that selectively inhibits the per- 
sistent current In comparison with the transient current of the sodium in neurons observed by the voltage-clamp 
method. 

10. A method for selecting by screening a substance which is effective for selectively blocking the persistent sodium 
current in neurons. 

11. A screening method for treating neuropathic pain or allodynia characterized by comprising a step of checking 
" whether the test agent Selectively inhibits the persistent sodium current by the voltage-clamp method. 
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